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Preface 


Volume 70 of Advances in Heterocyclic Chemistry consists of three chap¬ 
ters together with the Subject Index for Volumes 61 through 70. The first 
contribution by Dr. Istvan Hermecz (Chinoin, Hungary) continues with 
Part II of his set of three chapters on condensed pyridines. Part I, in Volume 
69, covered pyrido[l,2-fc][l,2]oxazines, -thiazines, and -pyridazines, and 
the present chapter deals with [l,2-c]-fused 1,3-oxanes, 1,2-thiazines, and 
-pyrimidines. The third part will appear in a subsequent volume of our 
series and will deal with 1,4-oxazines and 1,4-thiazines, fused pyridine rings. 

The second chapter by Dr. P. W. Groundwater (University of Sunderland, 
UK) and Dr. M. A. Munawar (Islamia University, Pakistan) is an overview 
of heterocycle-fused acridines, classes of compounds which have not pre¬ 
viously been reviewed and which show a variety of biological activities. 

Volume 70 also contains the second and final installment of the chemistry 
of C-nucleosides and their analogs by Professor M. A. E. Shaban of Alexan¬ 
dria University, Egypt. Previously, in Volume 68, Professor Shaban covered 
C-nucleosides of heteromonocyclic bases. The present chapter deals with 
the C-nucleosides of condensed heterocyclic bases and thus completes the 
first comprehensive review of C-nucleosides. 

As an Index Volume, Volume 70 of Advances in Heterocyclic Chemistry 
contains an update of the general Subject Index (in addition to the compre¬ 
hensive indexes of authors and of titles, which appear in each volume of 
Advances in Heterocyclic Chemistry). Volume 70 contains Subject Index 
entries for Volumes 61 to 70 and thus continues the Subject Index, which 
was covered previously in Volume 40 for Volumes 1-40, in Volume 45 for 
Volumes 41-45, in Volume 53 for Volumes 46-53, and in Volume 60 for 
Volumes 55-60. Volume 54, as a monograph volume, contained its own 
subject index. 


Alan R. Katritzky 



This Page Intentionally Left Blank 



ADVANCES IN HETEROCYCLIC CHEMISTRY, VOL. 70 


Chemistry of Pyrido[ 1,2-c] [l,3]oxazines, 
Pyrido[l,2-c] [l,3]thiazines, 

Pyrido [1,2-c] pyrimidines, 
and Their Benzologs: Part II 

ISTVAN HERMECZ 

Chinoin Pharmaceutical and Chemical Works, Ltd., Research 
Center, 1325 Budapest, Hungary 


I. Introduction. 3 

II. Structure. 6 

A. Pyrido[ 1,2-c][ 1,3|oxazincs and Their Benzo Derivatives. 6 

1. Thermodynamic Aspects. 6 

2. Theoretical Calculations. 6 

3. Ultraviolet and Circular Dichroism Spectroscopy. 8 

4. Dipole Moment Investigations. 8 

5. Infrared Spectroscopy. 8 

6. 'H NMR Spectroscopy. 9 

7. 13 C NMR Spectroscopy. 15 

8. 15 N NMR Spectroscopy. 17 

9. Mass Spectroscopy. 17 

10. X-Ray Investigations. 17 

B. Pyrido [ 1,2-c] [ 1,3]thiazines and Their Benzo Derivatives. 18 

1. Dipole Moment Investigations. 18 

2. IR Spectroscopy. 18 

3. ’H NMR Spectroscopy. 19 

4. 13 C NMR Spectroscopy. 20 

5. 15 N NMR Spectroscopy. 20 

6. X-Ray Investigations. 21 

C. Pyrido[l,2-c]pyrimidines and Their Benzo Derivatives. 21 

1. Thermodynamic Aspects. 21 

2. Theoretical Calculations. 22 

3. Dipole Moment Investigations. 22 

4. UV Spectra. 23 

5. IR Spectra. 24 

6. ’H NMR Spectra. 24 

7. 13 C NMR Spectroscopy. 30 

8. X-Ray Investigations. 30 

III. Reactivity. 31 

A. Pyrido[l,2-c][l,3]oxazines and Their Benzo Derivatives. 31 

1. Ring Opening. 31 

2. Reduction. 34 

3. Reactivity of Rings. 35 

1 

Copyright © 1998 by Academic Press 
All rights of reproduction in any form reserved. 





































ISTVAN HERMECZ 


[Sec. I 


4. Reactivity of Substituents Attached to Ring Carbon Atoms. 37 

5. Ring Transformation. 38 

6. Miscellaneous. 39 

B. Pyrido[l,2-c][l,3]thiazines and Their Benzo Derivatives. 39 

1. Ring Opening. 39 

2. Reactivity of Rings. 40 

3. Reactivity of Substituents Attached to Ring Carbon Atoms. 41 

4. Ring Transformation. 41 

5. Miscellaneous. 41 

C. Pyrido[l,2-c]pyrimidines and Their Benzo Derivatives. 41 

1. Ring Opening. 41 

2. Reduction, Hydrogenation. 42 

3. Reactivity of Ring Nitrogen Atoms. 43 

4. Reactivity of Ring Carbon Atoms. 44 

5. Reactivity of Substituents Attached to Ring Carbon Atoms. 48 

6. Ring Transformation. 52 

7. Miscellaneous. 52 

IV. Synthesis. 53 

A. Pyrido[l,2-c][l,3]oxazines and Their Benzo Derivatives. 53 

1. By Formation of One Bond a to the Bridgehead Nitrogen Atom 

[6+0(a)]. 53 

2. By Formation of One Bond /3 to the Bridgehead Nitrogen Atom 

[6+0(B)]. 53 

3. By Formation of One Bond y to the Bridgehead Nitrogen Atom 

[6+0(y)]. 54 

4. By Formation of Two Bonds from [5+1] Atom Fragments. 55 

5. By Formation of Two Bonds from [4+2] Atom Fragments. 56 

6. By Formation of Two Bonds from [3+3] Atom Fragments. 57 

7. By Formation of Three Bonds from [3+2+1] Atom Fragments. 58 

8. By Formation of Three Bonds from [2+2+2] Atom Fragments. 58 

9. Ring Transformations. 58 

10. Miscellaneous. 59 

B. Pyrido[l,2-c][l,3]thiazines and Their Benzo Derivatives. 60 

1. By Formation of One Bond B to the Bridgehead Nitrogen Atom 

[6+0(B)]. 60 

2. By Formation of One Bond y to the Bridgehead Nitrogen Atom 

[6+0(y)]. 60 

3. By Formation of Two Bonds from [5+1] Atom Fragments. 61 

4. By Formation of Two Bonds from [4+2] Atom Fragments. 61 

5. By Formation of Three Bonds from [2+2+2] Atom Fragments. 62 

6. Ring Transformations. 62 

C. Pyrido[l,2-c]pyrimidines and Their Benzo Derivatives. 62 

1. By Formation of One Bond a to the Bridgehead Nitrogen Atom 

[6+0(a)]. 62 

2. By Formation of One Bond B to the Bridgehead Nitrogen Atom 

[6+0(B)l. 63 

3. By Formation of One Bond y to the Bridgehead Nitrogen Atom 

[6+0(y)J. 63 

4. By Formation of Two Bonds from [5+1] Atom Fragments. 65 

5. By Formation of Two Bonds from [4+2] Atom Fragments. 67 













































Sec. I] PYRIDO[l,2-c][l,3]OXAZINES, -THIAZINES, & -PYRIMIDINES, II 


3 


6. By Formation of Two Bonds from [3 + 3] Atom Fragments. 68 

7. By Formation of Three Bonds from [2+2+2] Atom Fragments. 69 

8. By Formation of Three Bonds from [3+2+1] Atom Fragments. 69 

9. By Formation of Four Bonds from [3 + 1 + 1 + 1] Atom Fragments. 70 

10. By Formation of Four Bonds from [2+2+1 + 1] Atom Fragments. 70 

11. Ring Transformations. 70 

12. Miscellaneous. 73 

V. Applications and Important Compounds. 74 

A. Pyrido[l,2-c][l,3]oxazines and Their Benzo Derivatives. 74 

B. Pyrido[l,2-c][l,3]thiazines and Their Benzo Derivatives. 75 

C. Pyrido[l,2-c]pyrimidine and Their Benzo Derivatives. 75 

References. 76 


I. Introduction 

The chemistry of the pyrido[l,2-c][l,3]oxazines (1), pyrido[l,2-c][l,3]thia- 
zines ( 2 ), and pyrido[l,2-c]pyrimidines ( 3 ) (Scheme 1) and their benzologs 
( 4 )-( 17 ) (Schemes 2-4) has not been systematically reviewed. Only Mosby’s 
review in 1961 treated the early articles on pyrido[l,2-c][l,3]oxazines 
[61HC(15-2)1201], pyrido[l,2-c]pyrimidines [61HC(15-2)1203], and pyri- 
mido[6,l-«]isoquinolines [61HC(15-2)1207], and a review in 1986 dealt with 
pyrido[l,2-c]quinazolines [86AHC(39)281]. 

In the present article the primary chemical literature up to the end of 
1996 has been surveyed. Chemical Abstracts Subject and Chemical Sub¬ 
stance indexes up to and including Volume 124 have been searched. 

Perhydropyrido[l,2-c][l,3]oxazines, pyrido[l,2-c][l,3]oxazines, [l,3]oxa- 
zino[3,4-a]quinolines, and perhydropyrido[l,2-c]pyrimidines are applied as 
key intermediates in the total syntheses of different alkaloids. Other exam¬ 
ples of these ring systems have aroused much interest owing to their valuable 
pharmacological properties. Of these actisomide ( 18 ) and trequinsen ( 19 ) 
were introduced into human therapy as antiarrhytmic and antihypertensive 
agents, respectively. 



(1) (2) (3) 

Scheme 1 















Benzo Derivatives of Pyrido[1,2-c][1,3]oxazine 



(4) (5) 


1 H,3H-[1,3]Oxazino[3,4-b]isoquinoline 2H,4H-[1,3]Oxazino[4,3-a]isoquinoline 



1 H,3H-[1,3]Oxazino[3,4-a]quinoline 1 H,6H-Py rido[1,2-c][1,3]benzoxazine 



(8) 

1 H,3H,5H-Py rido[3,2,1 -ij] [3,1 Jbenzoxazine 

Scheme 2 


Benzo Derivatives of Pyrido[1,2-c][1,3]thiazine 




(10) 


2H,4H-[1,3]Thiazino[4,3-a]isoquinoline 



(ID 


(12) 


1H,6H-Pyrido[1,2-c][1,3]benzothiazine 1H,3H,5H-Pyrido[3,2,1-(/][3,1]benzothiazine 


Scheme 3 
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Benzo Derivatives of Pyrido[1,2-c]pyrimidine 




(16) (17) 


1 H-Pyrido[1,2-c]quinazoline 1H,5H-Pyrido[3,2,1-//]quinazoline 

Scheme 4 


NAr 



In the following sections, the physicochemical and spectroscopic proper¬ 
ties, reactions, syntheses, and, more briefly, the use of these ring systems 
are discussed. Within the individual sections the pyrido[l,2-c][l,3]oxazines 
and their benzologs, pyrido[l,2-c][l,3]thiazines and their benzologs, and 
pyrido[l,2-c]pyrimidines and their benzologs are dealt with. 
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II. Structure 

A. Pyrido[1,2-c][1,3]oxazines and Their Benzo Derivatives 

1. Thermodynamic Aspects 1 

Enantiomers of 11,1 la-dihydro-6//, 10//-pyrido[l ,2-c] [1,3]benzoxazin-6- 
one were quantitatively separated by chiral high-performance liquid chro¬ 
matography (HPLC). The first eluted enantiomer had the R configura¬ 
tion (91ACS716). 

The protonation constants of r-4a,c-5a,t-9a-H and r-4a,t-5a,c-9a-H- 
perhydro[l,3]oxazino[3,4-b]isoquinolines were determined in to be 6.2 and 
5.6, respectively (80HCA1158). 

2. Theoretical Calculations 

A conformational study of perhydropyrido[l,2-c][l,3]oxazine ( 20 , X = 
O) and its derivatives by means of modified MM2 calculations suggested 
that the O-outside cis conformation (ca. 5.28 kcal mol -1 ) and the trans 
conformation (ca. 1.63 kcal mol' 1 ) are less stable than the O-inside cis 
conformation (Scheme 5) [91JST(245)53]. This conclusion contradicts the 
experimental finding [80JCS(P2)1778] and is attributed to underestimation 
of the nonbonding interaction between the C(8) methylene group and the 
oxygen atom or to overestimation of the anomeric effect. 

Conformational analysis of perhydropyrido[l,2-c][l,3]benzoxazines ( 21 - 
24 ) (Scheme 6) by a modification of the MM285 force field predicts that 
the trans conformation of the heterocycles is the most stable for the r- 

1 (20) X = 0, S,NH 

X-outside c/s-fused frans-fused X-inside c/s-fused 

confor mation 

Scheme 5 


1 In a saturated ring system, the stereochemistry of the hydrogens on tertiary carbon atoms 
is indicated by r, c, and t symbols (e.g., r-4a, c-5 a, t-9a, -H), where r, c, and t denote that in 
relation to the indicated hydrogen r the other hydrogens are on the same side of the ring 
( cis ) or the opposite side (trans). 
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oft - 

r-4a, c-11 a, c-llfa isomer trans conformation 



r-4a, c-lla, t-11 ib isomer 



r-4a, t-1 la, c-11 fa isomer 


- jp ^ 7 

trans conformation O-inside cis conformation 

P=^ - 


pXp - Q^r 7 

(24) 



r-4a, t-1 la, t-11 fa isomer 


O-outside cis conformation 

Scheme 6 


4a,c-lla,c-llb diastereomer ( 21 ) [92JST(274)259], as is the O-outside cis 
conformation of the heterocycles for the r-4a,t-lla,t-116 isomer ( 24 ), which 
is consistent with qualitative experimental estimates (70T1217). It was calcu¬ 
lated that for 21 the trans conformation is ca. 3.7 kcal mol -1 more stable 
than the O-outside cis conformation. For the r-4a,c-lla,t-llb isomer ( 22 ) 
and the r-4a,t-lla,c-llb isomer ( 23 ), it was predicted that the O-inside cis 
conformations are ca. 1.7 kcal mol -1 and 1.4 kcal mol -1 , respectively, more 
stable than the respective trans conformations, which is the opposite of the 
experimentally estimated orders (70T1217). 

The lack of correlation between cyclization stereoselectivity and 
the steric energy of the products (calculated by the MMX force field) 
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indicated that cis-la, lOh-H epimers of 1-phenyl- and l-phenyl-7a- 
methyl-5,6,7,7a,8,9,10,10h-octahydro-3//-pyrido[3,2,l-;;'][3, l]benzoxazines 
are formed under kinetic control from l-(terf-butoxycarbonyl)-2-methoxy- 
3-(4-phenyl-3-butynyI)piperidines (90JOC1447). 

3. Ultraviolet and Circular Dichroism Spectroscopy 

No systematic ultraviolet (UV) study has been published on pyrido[l,2- 
c][l,3]oxazines and their benzo derivatives. 

The optical rotatory dispersion (ORD) curves of the diastereomers of 
l-(p-nitrophenyl)-3-methylperhydropyrido[l,2-c][l,3]oxazines, obtained 
from (-)-2-(2-hydroxypropyl)piperidine with p-nitrobenzaldehyde, are 
nearly mirror images of each other (68CJC1105). The absolute configura¬ 
tions in cyclohexane of the dextrorotatory ds-3,4a-H-3-phenyl- and trans- 
3,4a-H-3-phenylhydropyrido[l,2-c][l,3]oxazin-6-ones, containing 3S,4aR 
and 3S,4aS atoms, respectively, were determined on the basis of the pres¬ 
ence of positive Cotton effects (85T2891). 

Ultraviolet and circular dichroism (CD) spectra of the epimers of 11,11a- 
dihydro-6//, 10//-pyrido[l ,2-c] [1,3]benzoxazin-6-one were measured in eth¬ 
anol. From the geometry obtained through empirical force-field calcula¬ 
tions, the rotational strengths of the strong transitions in the CD spectra 
were calculated by the complete neglect of differential overlap (CNDO)/ 
S method and the absolute configurations were assigned (91ACS716). The 
UV spectra appear as superpositions of those of /V-vinylcarbamate and the 
phenyl chromophores. 

4. Dipole Moment Investigations 

Dipole moments of perhydropyrido[l,2-c][l,3]oxazine ( 20 , X = O) and 
its four alkyl derivatives were calculated from measurements in benzene 
at 25°C and were used to estimate the conformational preferences of several 
perhydropyrido[l,2-c][l,3]oxazines [76JCS(P2)418]. The tranj-fused and O- 
outside c«-fused conformers possess identical dipole moments (2.08 D), 
whereas that of the O-inside cis-fused conformers is 1.30 D. 

5. Infrared Spectroscopy 

The appearance of the Bohlmann band in the infrared (IR) spectrum is 
frequently used to identify the trans-fused conformation of perhydropyr- 
ido[l ,2-c] [1,3]oxazines [66MI2; 68T4423; 70T1217, 70T3941; 71T2055; 
71TL3361; 760MR(8)258; 85T2891; 87T935] and their benzo derivatives 
(e.g., 21 - 23 , 25 , 27,29 [70T1217; 71TL3361; 77JCS(P2)370; 80JCS(P2)1778; 
840MR(22)424]. ds-Fused conformers are not expected to produce Bohl- 
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r-7a, c-10a, t-1 Ob isomer r-7a, c-1 Oa, t-1 Ob isomer 


Scheme 7 

mann bands, since they do not allow two C—H bonds adjacent to the N 
to be f/ms-axial to the N lone pair of electrons. The weak Bohlmann bands 
in the IR spectra suggested a cw-fused conformation of the r-4a,t-lla,t- 
116-H isomer of perhydropyrido[l,2-c][l,3]benzoxazine ( 24 ) (70T1217) 
(Scheme 6), for perhydro[3,2,l-//][3,l]oxazines (26 and 28 ) (Scheme 7) 
[80JCS(P2)1778; 840MR(22)424], and for hexahydro[l,3]oxazino[4,3- 
ajisoquinoline ( 30 ) [71TL3361; 77JCS(P2)370]. 

The Bohlmann bands are not suitable for recognition of a frans-fused 
conformer of hexahydro[l,3]oxazine[3,4-a]quinoline ( 31 ) and its derivatives 
because of the flattening of the bridgehead N pyramid, as a consequence 
of (p-p)n conjugation of the lone pair of the N atom and the aromatic 77- 
orbitals of the benzene moiety (71TL3361). 



(29) (30) (31) 

6. ‘H NMR Spectroscopy 

a. Fully Saturated Ring Systems. In the investigation of the conforma¬ 
tion of perhydropyrido[l,2-c][l,3]oxazine ( 20 , X = O), three all-chair con¬ 
formations (O-outside ds-fused or frans-fused and O-inside dj-fused forms) 
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can be considered the most stable (Scheme 5). Conformers containing at 
least one of the rings in a boat or twisted conformation are of high energy 
and can be neglected. The cis conformers should be higher in energy than 
the trans conformer because of the presence of three gauc/ie-butane interac¬ 
tions, which are absent in the trans form. At the same time, the O-inside 
cis conformation has a lower energy than the O-outside cis conformation, 
since the interaction between 0(2) and the 8-methylene group is apprecia¬ 
bly lower in the former than the interaction between the 1- and 7-methylene 
groups in the latter. Furthermore, in the tram-fused and O-outside de¬ 
fused conformations, there is a destabilizing dipole-dipole interaction be¬ 
tween the heteroatoms, which is relieved in the O-inside ds-fused conforma¬ 
tion. The O-inside ds-fused conformation may also be stabilized by an 
n N -—*«'c-o anomeric effect. 

7 gcm for the N—CH 2 —O protons depends on the degree of overlap 
between the molecular orbitals of the methylene group and the lone pair 
of electrons on the adjacent N atom (68T4423). The tram-fused and O- 
outside ds-fused conformations, containing one of the C—H bonds of the 
N —CH 2 —O group and the lone pair of electrons on the N atom in the 
tram-axial arrangement (A), have a more positive (smaller absolute value) 
y gem for the N —CH 2 —O group because of the more efficient overlapping 
between the N — CH 2 — O group and the N lone pair of electrons than that 
of the O-inside ds-fused conformation containing arrangement B, where 
the N lone pair bisects the C(l) methylene group (Fig. 1). 

/ gem for the C(l) methylene group is used to estimate the ratio of the 
trans and O-inside conformers of different perhydropyrido[l,2-c][l,3] 
oxazines. The expected / gem is ca. -7.7 Hz in arrangement A and ca. -11 
Hz in arrangement B. The measured / gem of -8.0 Hz reflects a roughly 
10:90 mixture of the O-inside cis and trans conformers in a 10% solution 
of perhydropyrido[l,2-c][l,3]oxazine in CCL, [68T4423; 80JCS(P2)1778]. 
The contribution of the O-outside cis conformer to the equilibrium was 
estimated to be only ca. 1% [76JCS(P2)418]. 

The chemical shift difference between the N—CH 2 —O protons is some¬ 
times a useful tool for prediction of the predominant conformations. A ax , eq 
is around 0.5-0.9 ppm for the trans conformation, while a A axeq value of 
0.0-0.2 ppm points to the presence of the O-inside cis conformation. 

Jgem -7.7HZ H I Jgam -11.0 Hz 

A B 

Fig. 1 
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A tram conformer, as the major conformer, was identified for 1-, 3-, or 
4-substituted perhydropyrido[l,2-c][l,3]oxazine, independently of whether 
the substituent occupies an axial or an equatorial position [68T4423; 
70T1217; 71TL3361; 760MR(8)258; 92MRC129], Whereas the cis-4a,8-U- 
8-methyl derivative exists in a trans conformation containing the methyl 
group in the equatorial position (68T4423; 70T1217), the trans-4a,8-H-8- 
methyl derivative exists as an equilibrium mixture of the trans conformer 
with an axial methyl group and the O-inside cis form with an equatorial 
methyl group (68T4423). The dj-4a,5-H-5-methyl derivative also exists as 
a mixture of the trans conformer with an axial methyl group and the O- 
inside ds-form with and equatorial methyl group (70T3941). The cis- 

and Zranj-3,4tf-H-l-aryl-3-methylperhydropyrido[l,2-c][l,3]oxazines adopt 

tra/jj-fused conformations with an equatorial aryl group (65RTC1367). 
The r-4a,t-l,c-8-H-l,8-dimethylperhydropyrido[l,2-c][l,3]oxazine exists in 
(rans-fused conformation with an axial 1-methyl and an equatorial 8-methyl 
group (68T4423). 

The ds-4a,7-H-7-ethyl derivative exists as a 3:7 mixture of the trans 
conformer with an axial ethyl group and the O-inside cis conformer with 
an equatorial ethyl group at -90°C, and as a 47:53 mixture of the tram 
and cis conformers at 20°C in a mixture of CDC1 3 -CFC1 3 [76JCS(P2)418]. 
As concerns the other epimer, the trans conformer is the more favored. 

The values of the geminal coupling constant between the C(l) pro¬ 
tons indicated that 5,5-dimethoxy- and 7,7-dimethoxy-3-phenylperhydro- 
[l,2-c][l,3]oxazines exist predominantly in dr-fused (7 gem = -10.5 Hz) and 
trans-fused (7 gem «= -8.5 Hz) conformations, respectively, both containing 
the phenyl group in the axial position (87T935). Conformational analysis 
of the epimers of 3-phenylperhydropyrido[l,2-c][l,3]oxazines (32) was also 
performed by 'H NMR spectroscopy (85T2891). 


(32) R = R 1 = H,0 

R = OH R 1 = H 

R = H R 1 = OH (33) TBSO = fert-butyldimethylsilyloxy (34) 

The solvent effect on the C(l) methylene parameters in the 'H NMR 
spectra of perhydropyrido[l,2-c][l,3]oxazine (20, X = O), its d.s-4a,5-H-5- 
methyl derivative and 25 was investigated in six solvents [80OMR(13)159]. 
The positions of the equilibria were not affected significantly by solvent 
changes. 
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TABLE I 

Equilibrium of Conformers of Perhydropyrido[1,2-c][1,3]oxazine 
(20, X = O) (88MRC748) 


Equilibrium in 

Thermodynamically 

Partially kinetically controlled 

free base 

controlled protonation 

protonation" (20, X = O) • HC1 

Conformation in CDC1 3 (%) 

in D 2 0-DC1 (%) 

salt in CDC1 3 (%) 

trans 90 

93 

75 

O-inside cis 10 

7 

25 


“ Prepared in sodium-dried diethyl ether with dry hydrogen chloride. 


The equilibrium between the trans and O-inside cis conformers of perhy- 
dropyrido[l,2-c][l,3]oxazine (20, X = O) was frozen by protonation and 
deuteration (88MRC748). The ratio of the trans and O-inside cis forms was 
investigated by *H and 13 C spectra and is tabulated in Table I. 'H NMR 
spectra of the hydrochloride salt of os-4a,8-H-8-methyl- and fram-4a,7-H- 
7-ethylperhydropyrido[l,2-o][l,3]oxazines show that these derivatives exist 
in a trans -fused conformation in CDC1 3 , whereas the hydrochloride salt of 
the ds-4a,7-H-7-ethyl derivative is exclusively in an O-inside cis conforma¬ 
tion (88MRC748). 

Perhydropyrido[l,2-c][l,3]oxazine (20, X = O) exists as a 98:2 mixture 
of the trans and O-inside cis conformers (AG 203 = 6.3 kJ mol -1 ) at 203 K 
in CD 2 C1 2 -CFC1 3 , and as the tram-4,4a-H-4-methyl derivative (AGi 93 = 
5.4 kJ mol -1 ) at 193 K, whereas the C(4) epimer adopts exclusively the 
tram-fused conformation at 193 K (92MRC129). 

Conformational analysis of diastereomeric pyrido[l,2-c][l,3]oxazin-l- 
ones (33 and 34) revealed that 33 adopted an O-inside ds-fused conforma¬ 
tion, whereas 34 existed in a tram-fused form (96SL100). Both isomers 
contained the C(8) substituent in an axial position to avoid an A (13) strain. 

Both the geminal coupling constant and the chemical shift difference of 
the 1-methylene group are indicative of the predominance of the tram-fused 
conformation for (+)-ds-4a,5a-H-perhydro[l,3]oxazino[3,4-h]isoquinoline 
(35) [A ax ,eq «* 0.87 ppm and / gem = —8.5 Hz] and of the predominance 
of the O-inside ds-fused conformation for (-)-cw-4a,9a-H-perhydro[l,3] 
oxazino[3,4-b]isoquinoline (36) (A ax eq = 0.0 ppm and / gem = -10 Hz) 
(80HCA1158). 




(35) 


(36) 
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Conformation analysis of isomeric perhydropyrido[l ,2-c] [ 1,3]benzoxa- 
zines (21-24) by means of 1 H NMR studies demonstrates that the predomi¬ 
nant conformers of the isomers 21, 22, and 23 contain a trans-fused 
pyrido[l,2-c][l,3]oxazine moiety, whereas that of 24 has an O-outside 
as-fused pyrido[l,2-c][l,3]oxazine moiety (see Scheme 6) (70T1217; 
71TL3361). 

Stereochemically locked all-chair conformations of perhydropyrido 
[3,2,l-i/][3,l]benzoxazines (25-28) are useful models for the investigation 
of the conformational equilibria of the mobile perhydropyrido[l,2- 
c][l,3]oxazine and its derivatives (see Table II) [80JCS(P2)1778]. In the 
stereoisomers 25 and 27, trans-iused heterocycles are indicated by the ./ 3aXi 3 eq 
values of -7.67 and -7.55 Hz, and the large A 3aXj3eq values of 0.87 and 
0.84 ppm, respectively, while the / 3ax , 3 e q value of -10.8 Hz for 26 and the 
A 3ax , 3 eq and A 5aX:5eq values of 0.40 and 0.27 ppm for 28 indicate the O- 
inside cis-fused and O-outside c/s-fused conformations, respectively (see 
Scheme 7). 

The 'H NMR spectra of 25 were recorded in six solvents. / 3aXj3eq and 
A 3ax , 3 e q were found to vary with the solvent, which is attributed to solvation 
effects [80OMR(13)159]. The stereochemistry of the two 5-methyl epimers 
of 26 and 27 and of the equatorially oriented methyl derivatives of 25 and 
28 was investigated by 'H NMR spectroscopy [840MR(22)424]. 

b. Partly Saturated Ring Systems. The insertion of a 6,7 or 7,8 double 
bond in perhydropyrido[l,2-c][l,3]oxazine (20, X = O) [e.g., hexahydro 
[l,3]oxazino[3,4-h]isoquinoline (29) (7co)H2 = -8.2 Hz, Ai eq i ax = 0.9 ppm 
in C 6 D 6 ) and hexahydro[l,3]oxazino[3,4-a]quinoline (31) (7c<i)h2 = -10.5 
Hz, A leqlax = 1.21 ppm in C6D 6 )] does not affect the position of the confor¬ 
mational equilibrium of the preferred irans-fused conformer. However, the 
insertion of a 5,6 double bond [hexahydro[l,3]oxazino[4,3-a]isoquinoline 
(30) (/ C (i)H2 - -10.2 Hz, A 4eq4ax = 0.20 ppm in C 6 D 6 ] moves the position 
of the conformational equilibrium towards the O-inside ds-fused conformer 


TABLE II 


Some ‘H NMR Data on Stereochemically Locked Perhydropyrido[3,2,1- 
i/][1,3]benzoxazines (25-28) in CDC1 3 at 270 MHz [80JCS(P2)1778] 



N —CH eq —O 

N —CH eq H ax —O 

N-CH ax -0 

N—CHe q H ax —O 

A aqcx 

3 ^nch2o (Hz) 

25 

4.27 

3.40 

0.87 

-7.67 

26 

4.56 

4.44 

0.12 

-10.8 

27 

4.35 

3.51 

0.84 

-7.55 

28 

4.55 

4.15 

0.40 

-7.55 
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[71TL3361; 77JCS(P2)370]. In the latter case, the /ram-fused conformer 
would involve a ring fusion strain that is missing in the alternative O-inside 
cA-fused conformer [77JCS(P2)370]. The rather negative coupling constant 
for the C(l)methylene (-10.5 Hz) in 31 is a consequence of the interaction 
of the N lone pair with the aromatic ring, which reduces the lone pair 
C(l)-methylene overlap (71TL3361). 

Hexahydro[l,3]oxazino[3,4-a]quinoline (31) and its ds-3,4a-H-3-methyl 
and tram-3,4a-H-3-methyl derivatives exist predominantly in tram-fused 
conformations [77JCS(P2)1592], 

cis- 4,11 h-H-4-Aryl-1,2,4,6,7,1 16-hexahydro[l ,3]oxazino [4,3-a]isoquino- 
line in solution adopts the O-inside cis conformation with an equatorial 
aryl group at position 4 [760MR(8)258], 

The presence of a substituent at position 1 influences the ring junction 
in l,2,4,6,7,116-hexahydro[l,3]oxazino[4,3-a]isoquinolines (37 and 38, 
R 2 = H, aryl; R 3 = H) (90CB803; 92T4937). tram-l,116-H-l,2,4,6,7,116- 
Hexahydro[l,3]oxazino[4,3-a]isoquinolines (37, R 2 = H, aryl; R 3 = H) 
preferentially exist in the O-inside cis-fused conformation containing the 
substituent CH 2 R in the equatorial position, but c«-l,llh-H-l,2,4,6,7,llh- 
hexahydro-[l,3]oxazino[4,3-a]isoquinolines (38, R 2 = H, aryl; R 3 = H) 
adopt a tram-fused conformation with an axial substituent CH 2 R 
(90CB803; 92T4937). 





(37) R = H, OH, OCOPh (38) 
R 1 = Me, Et 


R = H, Me (39) 
R 1 = H, Me 


R 2 = H, aryl; R 3 = H, 
R 2 = R 3 = O, 


R = H, aryl; R 3 = H, 
R 2 = R 3 = O, 


An analysis of : H and I3 C NMR data led to the conclusion that both 
epimers of 2-methyl-l ,2,4,6,7,1 lb-hexahydro[l,3]oxazino[4,3-a]isoquino- 
lines (39, R 2 = H, aryl; R 3 = H) are present in a tram-fused B/C conforma¬ 
tion (92T4937). 

4-Aryl derivatives of 37 and 38 (R 2 = aryl; R 3 = H) contain the 4-aryl 
group in the equatorial position (90CB803; 92T4937). 4-Oxo derivatives 
37, 38, and 39 (R z = R 3 = O) adopte the conformation of 40 (92T4937). 

Whereas l,3,4,4a,5,6-hexahydro[l,3]oxazino[3,4-a]quinoline (41, R = 
R 1 = H) and its 1-, 3-, and 4-methyl derivatives adopt trans conformations 
[71TL3361; 77JCS(P2)1592; 93JCR(S)170], its 10-methyl derivative (41, 
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R = H, R 1 = Me) exists predominantly in the O-outside cw-fused conforma¬ 
tion, because of nonbonded interactions between the methyl substituent 
and C(l)-H eq in the other conformations [93JCR(S)170]. The tram-1,4a- 
H-l-methyl derivative (41, R = Me, R 1 = H) contains the methyl group 
in the axial position in the predominant tram-fused conformation 
[93JCR(S)170], 



The stereochemistry of the two 5-methyl epimers of 26 and 27 and of 
the equatorially oriented methyl derivatives of 25 and 28 was investigated 
by 'H NMR spectroscopy [840MR(22)424]. 

7. 13 C NMR Spectroscopy 

Low-temperature 13 C NMR spectroscopy indicated that perhydropyr- 
ido[l,2-c][l,3]loxazine at equilibrium at 203 K in CD 2 CI 2 -CFCI 3 solution 
adopts a 98:2 ratio of trans and O-inside cis conformers (AG ° 20 3 = 6.3 kj 
mol 1 ) (92MRC129). A similar equilibrium (ca. 96.5:3.5; AG ° 193 = 5.4 kj 
mol 1 ) is adopted by the tram-4,4a-H-4-methyl derivative, whereas the 
C(4) epimer adopts exclusively the trans conformation. The 13 C NMR 
spectrum of the hydrochloride salt of perhydropyrido[l,2-c][l,3]oxazine has 
also been recorded in CDC1 3 (88MRC748) (see Table III). 

13 C NMR data on the C(3) epimers of 3-phenylperhydropyrido[l,2- 
c][l,3]oxazines (32) were used for the determination of their stereostruc¬ 
tures (85T2891). 13 C NMR data have also been published on perhy- 
dro[l,3]oxazino[3,4-/>]isoquinolines (35 and 36) (80HCA1158). 

The 13 C NMR data of isomeric perhydropyrido[l,2-c][l,3]benzoxazines 
(21-24) (93MRC505) are consonant with the predominant conformations 
(see Scheme 6) previously assigned on the basis of the ’H NMR data 
(70T1217). The 13 C NMR spectra of perhydro[3,2,l-i/][l,3]benzoxazines 
(25-28) (Scheme 7) (Table III) (92MRC129), and 2,3,4,4a, 5,6-hexahy- 
dro[l,3]oxazino[3,4-a]-quinoline and its /ram-l,4a-H-l-, fram-3,4a-H-3-, 
cw-3,4a-H-3-, trans-4, 4a-H-4-, cw-4,4a-H-4-, and 10-methyl derivatives 
[93JCR(S)170] were recorded in CDC1 3 at room temperature at 67.97 MHz. 
The 13 C NMR data for 37-39 were also reported (90CB803; 92T4937). 



TABLE III 


13 C NMR Data of trans and O-inside cis Conformations of Pkrhydropyrido[1,2-c][1,3]oxazink(20, X = O) in CD 2 C1 2 -CFC1 3 at 203 
(92MRC129) and Its Hydrochloride Salt in CDC1 3 at Room Temperature (88MRC748), and Those of Stereochemically Locked 
Perhydro[3,2,1-(/][1,3]benzoxazines (25-28) IN CDCI3 at Room Temperature (92MRC129) (ppm) 



C(l) 

C(3) 

C(4) 

C(4 a) 

C(5) 

C(6) 

C(7) 

C(8) 




trans 

86.7 

68.0 

32.5 

60.8 

32.1 

24.0 

25.0 

49.1 




20, X = O 












O-inside 

86.2 

68.4 

24.0 

53.4 

30.0 

18.7 

26.0 

44.6 




trans 

83.3 

67.5 

29.3 

62.7 

29.8 

21.9 

22.3 

49.0 




20, HCl X = O 












O-inside 

83.8 

67.6 

22.8 

54.9 

27.6 

16.7 

22.6 

44.3 





C(l) 

C(3) 

C(5) 

C(6) 

C(7) 

C(7a) 

C(8) 

C(9) 

C(10) 

C(10a) 

C(106) 

25 

73.5 

87.9 

50.2 

20.5 

30.3 

36.3 

25.35 

25.6 

26.1 

37.1 

63.5 

26 

73.3 

86.4 

45.0 

26.0 

23.9 

35.0 

32.0 

20.4 

27.7 

28.0 

73.3 

27 

73.9 

87.3 

49.15 

24.6 

31.6 

39.0 

32.3 

24.7 

24.6 

39.6 

71.3 

28 

66.8 

78.6 

50.35 

27.2 

32.7 

27.8 

32.9 

21.8 

21.7 

33.9 

62.6 
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8. 15 N NMR Spectroscopy 

The low-temperature (-95°C) 15 N NMR spectrum of perhydropyr- 
ido[l,2-c][l,3]oxazine (20, X = O) was measured in a 1:1 mixture of CS 2 
and THF-<4 [83OMR(21)203], Only the 15 N shift of the frarw-fused con- 
former could be detected (6 15 N 66.8 ppm down-field from anhydrous liquid 
ammonia). At 27°C the chemical shift of 15 N was 65.5 ppm. 

9. Mass Spectroscopy 

5,5,7-Trimethyl-l//,3//,5//-pyrido[3,2,l-i/][3,l]benzoxazines were de¬ 
tected among the reaction products of 2,2,4-trimethyl-l,2-dihydroquinoline 
with formaldehyde and acetaldehyde by liquid chromatography-mass spec¬ 
troscopy (LC-MS) investigations (79MI1). 

10. X-Ray Investigations 

An X-ray crystal structural determination revealed that the 8-carboxyl 
group of cir-4a,8-H-l,3,4,4a,7,8-hexahydropyrido[l,2-c][l,3]oxazine-8- 
carboxylic acid is in a pseudoaxial position (81JA7573). The crystal struc¬ 
ture of 4-phenyl-2-{4-[4-(2-pyrimidinyl)piperazin-l-yl]butyl}-2,3,5,6,7,8- 
hexahydro-l//-pyrido[l,2-c][l,3]oxazine-l,3-dione was determined by an 
X-ray investigation (95ZK899). 

The absolute configuration of ds-l,3,4«-H-l-(4-nitrophenyl)-3-methyl- 
perhydropyrido[l,2-c][l,3]oxazine, having the lS,3R,4aS,9R configuration, 
was determined in an X-ray diffraction study [71T2055; 72AX(B)37]. 
The chair-shaped heterocyclic rings adopt a trans conformation with 
equatorial methyl and aryl groups. The crystal structure of cw-l,4a-H-l- 

TABLE IV 

Interatomic Distance (pm) and Bond Angles (°) in Two Hetero-Atom-Containing 
Rings of 1-(4-Bromophenyl) Derivative of Perhydropyrido[1,2-c][1,3]oxazine 
and Perhydropyrido[1,2-c][1,3]thiazine (20, X = O, S) with ESD“ in 
Parentheses (73MI1, 73MI2) 


Bond length 

X = O 

X = S 

Bond angle 

X = O 

X = s 

N(9) C(l) 

148.6(8) 

147.9(10) 

C(4a)-N(9)-C(l) 

110.6(5) 

111.4(6) 

C(l)-X(2) 

142.1(8) 

183.6(7) 

N(9)—C(1)—X(2) 

109.3(5) 

112.6(5) 

X(2) — C(3) 

145.2(9) 

181.3(9) 

C(l)-X(2)-C(3) 

111.5(5) 

97.1(3) 

C(3)-C(4) 

152.9(10) 

148.8(16) 

X(2)-C(3)-C(4) 

108.1(6) 

111.7(8) 

C(4)-C(4n) 

151.2(10) 

151.0(11) 

C(3)—C(4)—C(4a) 

110.3(5) 

113.0(8) 

C(4a)-N(9) 

148.6(8) 

146.7(9) 

C(4) — C(4«)—N(9) 

109.8(5) 

113.5(6) 


1 Estimated standard deviation. 
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(/j-bromophenyl)perhydropyrido[l,2-c][l,3]oxazinc was also determined 
by means of X-ray diffraction examinations (73MI1) (Table IV). The Z 
geometry of the 1-ethylidene group in 42 was confirmed in an X-ray diffrac¬ 
tion investigation (80HCA1158). 



(42) (43) (44) R = CH 2 OH, R 1 = H 

(45) R = H, R 1 = CH 2 CI 


The conformations and configurations of l,6,7,llb-tetrahydro-2//,4//- 
[l,3]oxazino[3,4-6]isoquinolines (43-45) were likewise determined by X- 
ray analysis (90CB803, 90T4039). The opposite signs of the torsion angles 
C(lla) — C(llh)—N(5) — C(6) and C(l)-C(llfi)-N(5)-C(4) indicate 
the trans junction of the pyridine and oxazine rings in 43, a transoid ring 
junction in 44, and a cisoid ring junction in 45. 


B. Pyrido[1,2-c][1,3]thiazines and Their Benzo Derivatives 

1. Dipole Moment Investigations 

The dipole moment of perhydropyrido[l,2-c][l,3]thiazine (20, X = S) 
was calculated from measurements in benzene at 25°C [76JCS(P2)418]. 
These investigations indicated that perhydropyrido[l,2-c][l,3]thiazine ex¬ 
ists as an 80:20 equilibrium mixture of the tram-fused and S-inside cis- 
fused conformers, the S-outside cis-fused conformer contributing only 
~ 1% to the equilibrium (Scheme 5). 

2. IR Spectroscopy 

Pronounced Bohlmann bands in the region 2800-2600 cm' 1 of the IR 
spectra of perhydropyrido[l,2-c][l,3]thiazine and its m-l,4a-H-l-phenyl, 
cis- and tram-3,4a-H-3-methyl, tram-4a,5-H-5-methyl, cw-4a,8-H-8-methyl, 
cis-l,4a-H-tram-5-H-5-methyl-l-phenyl, and tram-4a,7-H-7-ethyl deriva¬ 
tives indicate the predominance of the tram-fused conformation [70T3941; 
82OMR(20)239]. The absence of marked absorbance in the same region 
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of the IR spectra of l,2,4,5,6,116-hexahydro[l,3]thiazino[4,3-a]isoquinoline 
and its cis-4,116-H-4-(p-nitrophenyl) derivative suggests the presence of a 
cis-fused conformation of the heterorings [760MR(8)258; 77JCS(P2)370], 

3. 1 H NMR Spectroscopy 

Differences between the stereochemistry of perhydropyrido[l,2-c] 
[l,3]thiazines and that of the closely related perhydropyrido[l,2-c][l,3] 
oxazines are expected to arise principally from the long C —S bond (181 
pm) as compared with the C—O bond length of 141 pm, and also from 
differences in bond angles and in torsional interactions involving the hetero¬ 
atoms. The longer C—S bonds in perhydropyrido[l,2-c][l,3]thiazine result 
in a lower interaction in the S-inside cis-fused conformer in comparison 
with the O analog, which increases the contribution of the S-inside cis- 
fused conformer to the equilibrium. The predominant conformation of 
perhydropyrido[l,2-c][l,3]thiazine (20, X = S) is the traits -fused one 
(Scheme 5) (70T3941). 

1-H eq in perhydropyrido[l,2-c][l,3]thiazine (20, X = S) absorbs at 
higher field (3.60 ppm in CC1 4 ) than 1-H ax (3.91 ppm), as does 4-H eq 
(4.04 ppm in CDC1 3 ) in l,2,4,5,6,ll£-hexahydro[l,3]thiazino[4,3-a]isoquino- 
line than 4-H ax (4.68 ppm). This is in contrast with the situation in perhy- 
dropyrido[l,2-c][l,3]oxazine (4.70 and 3.52 ppm, respectively) and 
l,2,4,5,6,116-hexahydro[l,3-a]oxazino[4,3-a]isoquinoline (4.52 and 4.32 ppm 
in C 6 D 6 ), which can be interpreted in terms of the differences between 
the C—S and C—O bond anisotropies [70T3941; 77JCS(P2)370]. A cou¬ 
pling of 1.6 Hz is observed between 1-H eq and 4-H eq , which suggests marked 
deviations from the chair conformation for the 1,3-thiazine ring (70T3941). 

Conformational analysis demonstrated that the predominant conforma¬ 
tion of the cw-l,4a-H-l-phenyl, cis- and tram-3,4a-H-3-methyl, tram-4a, 5- 
H-5-methyl, cis-4a,8-H-8-methyl, and tram-4a,7-H-7-ethyl derivatives of 
perhydropyrido[l,2-c][l,3]thiazine is the tram-fused one, whereas for the 
cis-4a,5-H-5-methyl and cis-4a,7-H-7-methyl derivatives it is the S-inside 
cis-fused conformation [70T3941; 82OMR(20)239], The chemical shift dif¬ 
ferences (1.13 and 0.49 ppm) between the C-8 methylene protons of trans- 
4a,7-H-7-ethyl- and c«-4a,7-H-7-ethylperhydropyrido[l,2-c][l,3]thiazines 
are in accord with exclusive existence in the tram-fused and in the cis-fused 
ring conformations, respectively [82OMR(20)239], 

l,2,4,6,7,116-[l,3]Thiazino[4,3-a]isoquinolone and its cis-4,116-H-4-(4- 
nitrophenyl) derivative (46, R = H, 4-N0 2 Ph) predominantly adopt the S- 
inside cis-fused conformation in CDC1 3 , which is favored by the generalized 
anomeric effect [76QMR(8)258; 77JCS(P2)370]. 
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The relative configurations and the predominant conformation of 1- 
epimers of l,2,4,6,7,llh-[l,3]thiazino[4,3-a]isoquinolin-4-imines (47) were 
determined by the use of ’H NMR spectroscopy (90CB803). 

4. 13 C NMR Spectroscopy 

Conformational analysis of perhydropyrido[l,2-c][l,3]thiazine (20, X = 
S) and its trans- and c«-4a,7-H-7-ethyl derivatives indicated that trans- 
4a,7-H-7-ethylperhydropyrido[l,2-c][l,3]thiazine and the ris-4a,7-H-7-ethyl 
analog exist exclusively in the tram-fused and the S-inside ds-fused confor¬ 
mation, respectively, containing the ethyl group in the equatorial positions, 
whereas the parent perhydropyrido[l,2-c][l,3]thiazine in CDC1 3 at 25°C is 
a ca. 25:75 mixture of the S-inside ds-fused and tram-fused conformations. 
At -75°C, where the interconversion is slow in a 1:1 mixture of CS 2 and 
THF-d 8 , the signals of both conformers of perhydropyrido[l,2-c][l,3] 
thiazine can be detected. The 13 C NMR spectrum shows the presence of 
64% of the tram-fused and 36% of the S-inside ds-fused conformer 
[82OMR(20)239]. 

The 13 C NMR chemical shifts of 1-epimers of the N-phenyl-1- 
hydroxymethyl- and l-acyloxymethyl-9,10-dimethoxy-l,2,4,6,7,llb- 
hexahydro[l,3]thiazino[4,3-a]isoquinolin-4-imines (47) were measured in 
CDC1 3 (90CB803). 

5. 15 N NMR Spectroscopy 

At -95°C, the cis-trans interconversion of the conformers of 
perhydropyrido[l,2-c][l,3]thiazine (20, X = S) is frozen, and the 15 N NMR 
spectrum of the S-inside ds-fused conformer of perhydropyrido[l,2-c] 
[l,3]thiazine reveals a shielding of the nitrogen by 23.0 ppm relative to the 
tram-fused conformer (S 15N 66.9 ppm downfield from the signal of anhy- 



Sec. II.C] PYRIDO[ 1,2-c][1,3]OXAZINES, -THIAZINES, & -PYRIMIDINES, II 21 


drous liquid ammonia) in a 1:1 mixture of CS 2 -THF-d 6 . This enhanced 
chemical shift difference reflects both the /3-substituent effect of C-4 methyl¬ 
ene and the generalized anomeric effect differences between the trans- and 
cw-conformers. At 27°C, a time-averaged chemical shift of 58.3 ppm was 
measured, which suggests the presence of a 38:62 equilibrium mixture of 
the S-inside ds-fused and tra/u-fused conformations [83OMR(21)203], 

6. X-Ray Investigations 

An X-ray structural determination of l-(4-bromophenyl)perhydropyr- 
ido[l,2-h][l,3]thiazine revealed that both fused rings adopt almost ideal 
chair conformations (73MI2). A comparison of the corresponding data 
on l-(4-bromophenyl)perhydropyrido[l,2-6][l,3]oxazine (73MI1) and l-(4- 
bromophenyl)perhydropyrido[l,2-h][l,3]thiazine showed that the C —C 
bond lengths and bond angles are similar, with the exception of the 
C(3) — C(4) bond (152.9 pm in pyrido[l,2-c][l,3]oxazine and 148.8 pm in 
pyrido[l,2-c][l,3]thiazine) (Table IV). In pyrido[l,2-c][l,3]oxazine there is 
some puckering around the oxygen, but in pyrido[l,2-c][l,3]thiazine there 
is a degree of flattening around the sulfur. The lengths of the C(l) —S and 
S —C(2) bonds are 183.6 and 181.3 pm, respectively, whereas those of the 
C(l) —O and O—C(2) bonds are 142.1 and 145.2 pm, respectively. The 
phenyl ring is perpendicular to the best plane of the bicycle. 


C. Pyrido[1,2-c]pyrimidines and Their Benzo Derivatives 
1. Thermodynamic Aspects 

A selective reversed-phase HPLC method was developed for studies on 
the antiarrhythmic hexahydro-3//-pyrido[l,2-c]pyrimidin-3-one (18) and its 
4-epimer (87MI7). 

The protonation constants (p K al = 4.8 and p = 10.3) of 18 were de¬ 
termined by titration (87MI2). The protonation constant of 2-amino-4-aryl- 
6,7-dihydropyrido[6,l-a]isoquinolinium chlorides were determined in 50% 
aqueous ethanol, and their pK„s were calculated via Eq. 1 (82KGS1095). 

p K a = 10.08 - 1.43 o- n , r = 0.97, s = 0.15 (1) 

2-Imino-4-substituted-6,7-dihydropyrimido[6,l-a]isoquinolines yield an 
equilibrium system involving the tautomeric forms of pseudobases 48, 49, 
and 50 and anhydro base 51 (see Scheme 8) [90CB493; 91CB111; 
94H(37)2051], 




(51) 

Scheme 8 


2. Theoretical Calculations 

The electron densities, the bond orders, the first six energies, and the 
oscillator strengths of the pyrido[l,2-c]pyrimidinium cation were calculated 
using the SCFMO semiempirical version of the PPP method. Protonation 
is expected to take place on the nonbridgehead N atom, and position 1 is 
predicted to be most reactive toward nucleophilic substitution (68TCA417). 

The bioactive conformation of 6-dipropylamino-l,2,3,5,6,7-hexahydro- 
pyrido[3,2,l-2/']quinazolin-3-one was predicted by Compass algorithm for 
5 -HT 1a binding (95JMC1295). 

3. Dipole Moment Investigations 

The dipole moments of 2-methyl- and 2-tert-butylperhydropyrido[l,2- 
cjpyrimidine (52, R = Me and rBu) (1.40 and 1.47 D, respectively) were 
determined in benzene [76JCS(P2)418]. From the calculated dipole moment 
data, it was concluded that the 2-tert-butyl derivative exists almost exclu- 
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sively in the trans -fused conformation T eq , whereas the 2-methyl derivative 
exists predominantly (ca. 75%) in the same conformation (T eq ); these con¬ 
clusions proved to be in good agreement with the experimental data (see 
Section II,C,6,a). 

4. UV Spectra 

The pH dependence of the tautomerism of 4-iminopyrimido[6,l-a]iso- 
quinolines 49-51, depicted in Scheme 8, was investigated by UV spectros¬ 
copy (90CB493). 

In the UV spectra bands at 275, 283.8, and 340 nm are characteristic for 
3-methyl-2-(V-arylimino)-2,3, 6,7-tetrahydro-4/f-pyrimido[6,l -ajisoquino- 


^ ^ (52) ^ k 

T, q frans-fused Tax 



c/'s-l Bq N-inside c/'s-fused c/s-lax 






c/s- O e 


N-outside c/'s-fused 

Scheme 9 


c/s-Oax 
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lin-4-ones (53), and bands at 271.5 and 281 nm for isomeric 2-(/V-aryl- 
iV-methylimino)-6,7-dihydro-4//-pyrimido[6,l-a]isoquinolin-4-ones (54) 
(84JMC1470). 



5. IR Spectra 

The appearance of Bohlmann bands in the IR spectrum of perhydropyr- 
ido[l,2-c]pyrimidine indicated that this compound exists predominantly in 
the tram-fused conformation (69JHC181), but the application of Bohl- 
mann’s IR criterion to perhydropyrido[l,2-c]pyrimidines is greatly compli¬ 
cated by the presence of the two N atoms and in some cases the a-H atoms 
of the 2-alkyl group (70T701). 

On the basis of the weak Bohlmann bands in their IR spectra, ds-fused 
ring conformations were assigned to ds-7,4«-H-2,7-dimethyl- and cis-5,4a- 
H-2,5-dimethylperhydropyrido[l,2-a]pyrimidin-3-ones [72JCS(P2)1920], 
and to 1,6,7,1 lb-tetrahydro- and 1,3,4,6,7,llh-hexahydro-2//-pyrimido[6,l- 
a]isoquinolin-2-ones (84JHC149). The 2-methyl-, cis-8,4a-H-2,8-dimethyl-, 
tram-7,4a-H-2,7-dimethyl-, and tram-5,'4a-H-2,5-dimethylperhydropyr- 
ido[l,2-c]pyrimidin-3-ones displayed marked Bohlmann bands, and the 
tram-fused ring conformations were assigned [72JCS(P2)1920]. The strong 
Bohlmann bands in the IR spectrum of 2,3,4,4a,5,6-hexahydro-l//-pyr- 
ido[l,6-a]quinoline indicated the predominance of the tram-fused ring con¬ 
formation with an equatorial tV-methyl group [79JCS(P2)581], 

In the IR spectra three well-resolved bands at 1635, 1625, and 1615 
cm 1 are characteristic for 3-methyl-2-(tV-arylimino)-2,3,6,7-tetrahydro-4//- 
pyrimido[6,l-a]isoquinolin-4-ones (53), in contrast to broad bands at 1661, 
1645, and 1637 cm -1 for isomeric 2-(tV-aryl-tV-methylimino)-6,7-dihydro- 
4//-pyrimido[6,l-a]isoquinolin-4-ones (54) (84JMC1470). 

6. 2 H NMR Spectra 


a. Fully Saturated Ring Systems. There are six possible all-chair confor¬ 
mations of perhydropyrido[l,2-c]pyrimidines (52), which are interconvert- 
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ible by ring inversion and N 2 inversion (Scheme 9). Two of these (c/s-/ ax 
and cis-O ax ) may be neglected because of the presence of severe nonbonded 
interactions, and their contributions to the equilibrium will be neglected. 

In conformation T eq , the unfavorable dipole-dipole interaction between 
the N atoms may be relieved by the inversion of N(2) (conformation 
T ax ). Conformation T ax is destabilized by gauche- butane and gauche-n- 
propylamine interactions, which are expected to be ca. 1.7 kcal mol" 1 . The 
O-outside cis conformer, c/s-O cq , should be higher in energy than the trans 
conformer T eq by approximately the value for the cis-tram-quinolizidine, 
AG°, and should therefore contribute only ca. 1% to the equilibrium at 
25°C. The difference between the trans conformer T ax and the N-inside 
cts-fused conformer, cis-I eq , is approximately one gauche- butane interac¬ 
tion (ca. 0.9 kcal mol" 1 ) in favor of T ax , and they should be in an equilibrium 
ratio of ca. 4:1 at 25°C. The equilibrium energy difference between T eq 
and T ax was expected to be of the order of 0.3 kcal mol" 1 . On this basis, 
the equilibrium proportions for 2-methylperhydropyrido[l,2-c]pyrimidine 
(52, R = Me) are ca. 75% T eq , 20% T ax , and 5% c/s-/ eq [76JCS(P2)418], 
The geminal coupling constant for the C(l) methylene group depends 
on the orientation of the C(l) —H bonds with respect to the N atom lone 
pairs, and it is suitable for the conformational analysis of perhydropyr- 
ido[l,2-c]pyrimidines. Thus, perhydropyrido[l,2-c]pyrimidines (52) existing 
in the tram-fused ring conformation (7 eq ) with an equatorial N(2) alkyl 
group are expected to have a larger (smaller absolute value) 7 gem for the 
C(l) methylene group (ca. -8.5 Hz versus -11.2 Hz) than those compounds 
in which either the ring fusion is trans and the N(2) alkyl group is axial 
(T ax ) or the ring fusion is cis ( cis-I eq ) [76JCS(P2)418], 

Because of the presence of the bulky substituent at position 2, 2-tert- 
butylperhydropyrido[l,2-c]pyrimidine (52, R = rBu) exists predominantly 
in conformation T eq and has a / gem of -8.5 Hz for the C(l) methylene 
group (70T701). Later, a value of -8.8 Hz was determined in a more 
accurate determination from the 220-MHz spectrum [76JCS(P2)418]. As 
other 2-alkylperhydropyrido[l,2-c]pyrimidines have / gem values between 
-8.4 and —8.6 Hz for the C(l) methylene group, they adopt predomi¬ 
nantly the tram-fused conformation with an equatorial substituent (T eq ) 
(70T701). For 2-methylperhydropyrido[l,2-c]pyrimidine (52, R = Me), a 
7 gem of -9.2 Hz was determined, which corresponded to ca. 75% of the trans¬ 
fused conformation, T eq [76JCS(P2)418]. There is a long-range coupling of 
ca. 1.8 Hz between 1-H eq and 3-H eq in l-alkylperhydropyrido[l,2-c]pyrimid- 
ines (70T701). The 3-phenyl derivative (52, R = Ph) exists predominantly 
as the tram-fused conformer T eq , but / gem for the C(l) methylene group is 
10.5 Hz because of overlap between the 77 -electrons of the phenyl group 
and the axial lone pair of N(2) (70T701). 
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For the / gem values for the C(l) methylene group (between -8.5 
and -8.8 Hz), it was concluded that os-3,4a-H-2-methyl-3-alkyl- (methyl 
and ethyl), rran.v-4,4a-H-2,4-dimethyl-, os-4a8,-H-2,8-dimethyl-, and 2- 
fert-butyl-8-methylperhydropyrido[l,2-c]pyrimidines exist predominantly 
as the ftms-fused conformer T eq , with an equatorial C-alkyl group, whereas 
ds-4,4a-H-2,4-dimethylperhydropyrido[l,2-c]pyrimidine exists predomi¬ 
nantly as the conformer T eq with an axial C-methyl group. For trans-3,4a- 
H-2-methyl-3-alkylperhydropyrido[l,2-c]pyrimidines, the / gem values of the 
C(l) methylene groups (-10.8 and -11.4 Hz) and the long-range coupling 
between 1-H eq and 3-H eq indicate the predominant presence of franv-fused 
conformer T ax with an axial C(-3) alkyl group. /ram-4a,8-H-2,8-Dimethyl- 
and 2-/er/-butyl-8-methylperhydropyrido[l ,2-c]pyrimidines have / gcm values 
of -9.9 and -9.8 Hz for the C(l) methylene protons, which indicate the 
presence of conformational mixtures containing appreciable amounts of 
the conformations m-/ eq and T eq (70T701). 



(55) (55t) (55c) 


The /ge m value of 9.0 Hz for the C(1) methylene protons of 2-methylperhy- 
dropyrido[l,2-c]pyrimidin-3-one (55) in CC1 4 , when the nonbridgehead N 
atom with its lone pair of electrons is incorporated in an amide group, 
points to the presence of ca. 16% as-fused conformer (55c) in equilib¬ 
rium with the trans -fused conformer (55t) [72JCS(P2)1920]. ds-4a,7-H- 
2,7-Dimethylperhydropyrido[l,2-c]pyrimidin-3-one (/ gem -10.8 Hz) exists 
as ca. 72% of the os-fused conformer in equilibrium with 28% of the 
/ram-fused one. ds-4a,5-H-2,5-Dimethylperhydropyrido[l ,2-c]pyrimidin-3- 
one (/gem -11.7 Hz) exists predominantly in the os-fused conformation, 
and d.s-4tf,8-H-, trans-AaJ-H-, and /rara-4a,5-H-2,X-dimethylperhydro- 
pyrido[l,2-c]pyrimidin-3-ones (/ gem -8.5 and -8.7 Hz) in the rra/is-fused 
ones. / g em for the C(4) methylene protons (—11.3 Hz) indicates a con¬ 
formation such that the nodal plane of the amide carbonyl bisects the 
C(4)H 2 internuclear axis. 



trans to C(1) methylene c/s to C(1) methylene 
(56c) (56t) 
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The room-temperature 'H NMR spectrum of 2-acetylperhydropyr- 
ido[l,2-c]pyrimidine exhibits signals arising from both rotational isomers 
(56c and 56t), as a result of restricted rotation about the N—COMe bond. 
The cis and trans isomers 56c and 56t could be distinquished on the basis 
of ./ gem for the protons of the methylene group adjacent to the amido N, 
and the chemical shift of 1-H eq [730MR(5)397]. 



The T H NMR spectrum of 57d in CDC1 3 -CFC1 3 solution at 19°C indicates 
an equilibrium mixture containing 45% of the pyrido[l,2-c]pyrimidinium 
ion (58), 27% of the dimer (57d), and 28% of the monomer (57m) 
[79JCS(P2)504], At -45°C, only the signals of the dimer (57d) could be 
assigned in the spectrum. 

b. Partly Saturated Ring Systems. Of the six all-chair conformations 
of 2-methyl-2,3,4,4a,5,6-hexahydro-l//-pyrimido[l,6-a]quinoline (59), the 
high-energy ds-fused conformations (ds-/ ax , cis-O ax , ds-/ eq , and cis-O eq ) 
cannot be expected to contribute significantly to the equilibrium (Scheme 
10). The fram-fused conformations (T eq and T ax ) differ only in terms of 
the unfavorable generalized anomeric effect present in T eq and the gauche- 
n-propylamine interaction in T m . Both conformers are stabilized further 
by the delocalization of the bridgehead N atom lone pair into the aromatic 
"-electron system of the phenyl ring. J gem (—11.1 Hz) for the C(l) methylene 
protons indicates that 2-methyl-2,3,4,4a,5,6-hexahydro-l/f-pyrimido[l,6- 
a\ quinoline in CDC1 3 establishes a conformational equilibrium involving 
ca. 81% T eq and 19% 7" ax [79JCS(P2)581]. 

Of the six all-chair conformations of 2-methyl-l ,3,4,6,7,11 fo-hexahydro- 
2H-pyrido[6,l-a]isoquinoline (60), the ds-/ ax , cis-O eq , and cis-0. dx conforma¬ 
tions could be discounted because they suffer from a number of nonbonded 
interactions (Scheme 11). The basic difference between the rram-fused and 
ds-fused conformations is that in the tra/w-fused ring conformations (T eq 
and T ax ) the perhydropyrimidine ring is fused onto the tetrahydropyridine 
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trans -fused N-inside c/s-fused N-outside c/s-fused 



Scheme 10 


ring, by utilization of the pseudoequatorial and equatorial bonds of the 
tetrahydropyridine ring, and this increases the strain in the fused system. 
This trans-ring fusion strain is not present in the conformation ds-I eq , where 
fusion of the perhydropyrimidine ring can readily occur, since the fusion 
involves the pseudoequatorial and axial (or equatorial and pseudoaxial) 
bonds. The / gem value of the C(4) methylene protons (-9.8 Hz) indicates 
the presence of an equilibrium between ca. 54% of conformation T eq and 
46% of conformations cis-I eq and T ax , in which one of the N lone pairs 
bisects the C(4) methylene protons [77JCS(P2)370]. 

The /gem value (-10.1 Hz) of the C(4) methylene protons suggests that 
3-methyl-l,3,4,6,7,llh-hexahydro-2//-pyrimido[6,l-a]isoquinolin-2-one (61) 
adopts an equilibrium involving about 53% of the traws-fused and 47% of 
the ds-fused conformer (Scheme 12). The vicinal coupling constants relating 
to llh-H (iiib,ux ** 11.5 Hz, /nb.ieq *= 4.6 Hz) rule out the presence of 
the N-outside ds-fused conformer (91MRC1040). 3-Methyl and 3-phenyl- 
l,3,4,6,7,llh-hexahydro-2//-pyrimido[6,l-a]isoquinoline-2,4-diones adopt a 
frans-fused conformation (91MRC1040). 

The coupling constants between llft-H and the C(l) methylene protons 
(14 and 6 Hz, and 9 and 3 Hz) for 9,10-dimethoxy-4-phenyl-l,6,7,llh- 
tetrahydro- and l,3,4,6,7,llh-hexahydro-2//-pyrimido[6,l-a]isoquinolines 
indicate the predominance of the N-inside cis conformation (84JHC149). 

The 'H NMR spectra of 3-methyl- and 3-phenyl-l,3,4,6,7,llh-hexahydro- 
2//-pyrimido[6,l-a]isoquinoline-2,4-diones in CDC1 3 are very similar to 
each other, and the magnitudes of the coupling constants involving the 
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trans-fused N-inside c/s-fused N-outside c/s-fused 



T ax CIS-lax C/S-Oax 

Scheme 11 


C(6) and C(l) methylene protons are consistent with the transfused confor¬ 
mation (91MRC1040). 

In the 'H NMR spectra downfield shifts for the NCH 3 and H-l protons 
are characteristic for 3-methyl-2-[A-(2,4,6-trimethylphenyl)imino]-2,3,6,7- 
tetrahydro-4//-pyrimido[6,l-a]isoquinolin-4-one (53, Ar = 2,4,6-trimethyl- 
phenyl) relative to those for corresponding protons in 2-[A-(2,4,6-trimethyl- 



N-insIde c/s-fused trans-fused N-outside c/s-fused 

conformations 

Scheme 12 
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phenyl)-./V-methylimino]-6,7-dihydro-4//-pyrimido[6,l-a]isoquinolin-4-one 
(54, Ar = 2,4,6-trimethylphenyl) (84JMC1470). 

7. ,3 C NMR Spectra 

13 C NMR data on 2-oxo-, 3-methyl-, and 3-phenyl-2,4-dioxo-l ,3,4,6,7,1 16- 
hexahydropyrimido[6,l-a]isoquinolines have been measured in CDC1 3 
(91MRC1040). The structures of 3-amino-4-substituted 1,3,4,6,7,116-hexa- 
hydro-2//-pyrimido[6,l-a]isoquinoline-2-ones have similarly been investi¬ 
gated by means of 13 C NMR spectroscopy (90JHC957). 

8. X-Ray Investigations 

The structures of pyrido[l,2-c]pyrimidinium chloride (62) (91KGS1556), 
hexahydro-3//-pyrido[l,2-c]pyrimidin-3-ones (18 and 63) (85JMC1285), 
and l,3,4,6,7,116-hexahydropyrimido[6,l-a]isoquinolin-4-ones (64) (82TL- 
2829; 83JOC5074) have been determined by X-ray crystallography. The 
structure of a wild-type human immunophilin FKBP12 (a member of a 
ubiquitous family of proteins) complexed with benzyl frans-4a,8-H-l-oxo- 
2-propylperhydropyrido[l,2-c]pyrimidine-9-carboxylate was determined by 
X-ray investigations (96JMC1872). 



(62) (63) (64) 

The X-ray analysis revealed that 53 (Ar = 2,4,6-trimethylphenyl) exists 
as the Z isomer with the mesitylene moiety perpendicular to the plane of 
the pyrimido[6,l-a]isoquinoline skeleton away from the A-methyl group 
(84JMC1470). 

X-ray diffraction studies showed that protonation occurred on the 2- 
imino group of 2-imino-9,10-dimethoxy-4-phenyl-6,7-dihydro-2//-pyri- 
mido[6,l-a]isoquinoline in the solid state, and not on N(3) as in DMSO- 
d 6 solution (90CB493). 
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III. Reactivity 

A. Pyrido[1,2-c][1,3]oxazines and Their Benzo Derivatives 
1. Ring Opening 

The presence of a substituent at position 1 of perhydropyrido[l,2- 
c][l,3]oxazines decreases the stability of the bicycle (54JA2431). Hydro¬ 
lysis of perhydropyrido[l,2-c][l,3]oxazines [56CLY1180; 57CLY927; 
60JOC2028; 70LA(737)24] or their 1-oxo derivatives (84JA3240; 91TL4371; 
93JA8851) gave 2-(2-hydroxyethyl)piperidines, whereas that of pyr- 
ido[3,2,l-y][3,l]benzoxazin-3-ones and the -1,3-dione yielded 8-hydroxy- 
methyl-l,2,3,4-tetrahydroquinolines (87EUP239129; 90CPB1575) and 1,2, 
3,4-tetrahydroquinoline-8-carboxylic acid (64M59), respectively. The rate 
of the solvolysis of tram-3,4a-H-3-substituted perhydropyrido[l,2-c][l,3]ox- 
azines was higher than that of as-3,4a-H epimers (57CLY927). The trans- 
3,4«-H-3-substituted perhydropyrido[l,2-c][l,3]oxazines, containing the R 
substituent in an axial position, were hydrolyzed faster then the 3-epimeric 
derivatives in 2 A acetic acid at 25°C in the presence of dimedone 
[70LA (737)24]. 

Treatment of r-4a,c-5a,t-9a-H-l-ethylideneperhydro[l,3]oxazino[3,4- 
b]isoquinoline (42) with water in methylene chloride gave 2-(frans-perhy- 
droisoquinolin-3-yl)ethyl propionate (80HCA1158). 



Acidic hydrolysis of [l,3]oxazino[4,3-a]isoquinolin-2-one (65) and 
[l,3]oxazino[3,4-a]quinoline-3-ones (67) in boiling 5% hydrochloric acid 
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furnished 3-substituted 2,2-dimethylpropionic acids 66 and 68, respectively 
[66JCS(CC)262; 67JCS(C)1569], 

The reactions of 3,5,6,7-tetrahydro-l//-pyrido[3,2,l-//][3,l]benzoxazine- 
1,3-dione with amines in dioxane led to TV-substituted 1,2,3,4-tetrahy- 
droquinoline-8-carboxamides (78JHC645; 79JHC897). 

Depending on the reaction conditions, treatment of 4-hydroxymethyl-3,4- 
dihydro-l-oxo-l//-pyrido[2,l-c][l,3]oxazinium chloride with NH 3 afforded 
either 4-hydroxymethyl-l,3-dihydropyrido[2,l-c][l,3]oxazin-l-one or dif¬ 
ferent ring-opened products (92JOC5764). 

Catalytic hydrogenation of perhydropyrido[l,2-c][l,3]oxazines over Pt 
(54JA2431) and their treatment with aqueous formic acid (54JA2431) or 
with LAH [57CLY927; 58CLY2081; 67RZC1389; 71LA(753)27; 85T2891; 
87T935; 93JOC5035; 96SL100] yielded 1-substituted 2-(2-hydroxyethyl)pi- 
peridines. Reductive ring-opening of l,6,7,llh-tetrahydro-2//,4//-[l,3]oxa- 
zino[4,3-a]isoquinolines (66AP997; 90T4039; 91ACH375) and their 1-oxo 
derivatives (90T4039) with LAH resulted in the formation of 2-(iV-alkyl- 

1.2.3.4- tetrahydroisoquinolin-l-yl)ethanols. 

The boiling of optically active 3-deuterio-3-p-methoxyphenylperhydro- 
pyrido[l,2-c][l,3]oxazine in ethanol in the presence of 20% w/w of 10% Pd/ 
C catalyst yielded 7V-formyl-2-(2-deuterio-2-p-methoxyphenylethyl)piperi- 
dine with no deuterium loss [72JCS(CC)1152]. 

(69) r^ r2 (70) 

The reaction of 1,3-disubstituted perhydropyrido[l,2-c][l,3]oxazines (69) 
and 7-(benzothiazol-l-yl)-6,7-dihydro-l//,3//,5//-pyrido[3,2,l-//][3,l]benz- 
oxazine with Grignard reagents led to 2-(JV-substituted 2-piperidyl)ethanols 
(70) (50JA358; 58CLY2081) and l-benzyl-4-(benzotriazol-l-yl)-8-hydroxy- 
methyl-l,2,3,4-tetrahydroquinoline (95JOC3993), respectively. 

Ring opening of 9,10-dimethoxy-l,2,4,5,6,llh-hexahydro[l,3]oxa- 
zino[4,3-a]isoquinoline occurred on treatment with acyl chlorides or with 
hydrogen cyanide in ethanol, to give 6,7-dimethoxy-l-(2-hydroxyethyl)- 

1.2.3.4- tetrahydroisoquinoline and its 2-cyanomethyl derivative, respec¬ 
tively (66AP997). 

Perhydroquinolines (72) were obtained in almost quantitative yield from 
perhydro[l,3]oxazino[3,4-a]quinolin-l-one (71) on reaction with lith- 
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ium dialkylcuprate in a mixture of diethyl ether and THF at -73°C [84- 
JCS(CC)597, 84TL3247; 86CPB2380], Similar products (72) could be ob¬ 
tained in moderate yield from 71 by treatment with Zn in acetic acid 
(84TL3247), or from the perhydro derivative (73) by selenium(IV) oxide 
elimination and subsequent treatment with Zn in acetic acid at 90°C 
(80JA1454). 



(76) 


(77) 
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2-(Tetrahydroisoquinol-l-yl)ethanols (74) could be converted by inver¬ 
sion into the epimers (77) by /V-benzoylation, subsequent treatment of 75 
with thionyl chloride, and hydrolysis of the tricycles (76) (92T4937). 

Reduction of a spiro compound, dodecahydro-3,3'-bi-l//,3//-pyrido[l,2- 
c][l,3]oxazine, with sodium amalgam in acetic acid led to reductive cleavage 
of one of the two tetrahydro[l,3]oxazine rings [71LA(753)27], 

2. Reduction 

Conjugate 1,4-reduction of the 1,6-dione (78) with L-Selectride in the 
presence of A r -(2-pyridyl)triflimide provided the vinyl triflate (79), which 
was chemoselectively hydrogenated over Pd/C to give perhydropyrido[2,l- 
c][l,3]oxazinone (80) (93JOC5035). Hexahydro derivative 81 was similarly 
hydrogenated to a perhydro derivative (93JA8851). 



(80) (-)-sedamine 


Reduction of the keto group of the C(3) epimers of 3-phenylperhydropyr- 
ido[l,2-c][l,3]oxazin-6-ones with potassium trisamylborohydride in THF at 
-78°C gave a 9:1 mixture of the axial alcohol and the equatorial alcohol, 
whereas the ratio of the alcohols was the reverse when NaBH 4 was used 
in methanol at room temperature (85T2891). 

Catalytic hydrogenation of frarcs-3,4a-H-3-methyl-l,3,4,4tf,5,6-hexahy- 
dropyrido[l,2-c][l,3]oxazin-l-one over Pd/C afforded the perhydro deriva¬ 
tive in excellent yield (91TL4371). 

Catalytic hydrogenation of l-cyano-9,10-dimethoxy-2,4,6,7-tetrahy- 
dro[l,3]oxazino[4,3-a]isoquinoline over Pd/C at atmospheric pressure in a 
suspension in ethyl acetate yielded the 1,2,4,6,7,11 b-hexahydro derivative 
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(73JHC435). The 5,6 double bond of l-isopropylidene-4,4-dimethyl- 
l,3,4,4n-tetrahydro[l,3]oxazino[3,4-n]quinolin-3-one (67, R = valence 
bond) was saturated on reaction with hydrogen over Pd/C [67JCS(C) 
1569; 71JOC2211], 

The 7-oxo group of 6,7-dihvdro-l /7,3/7,5/7-pyrido[3,2,l -y][3,l]benzoxa- 
zine-3,7-dione was selectively reduced to a hydroxy group with sodium 
borohydride in methanol (87EUP239129; 90CPB1575). 

3. Reactivity of Rings 

Methobromides (54JA2431) and methoiodides [60AP74; 63AP38; 70- 
LA(737)24] of perhydropyrido[l,2-c][l,3]oxazines were prepared from the 
bases with the respective methyl halides. The rates of quaternization of 4- 
methylperhydropyrido[l,2-n][l,3]oxazines (70T1217), three isomers of per- 
hydropyrido[l,2-c][l,3]benzoxazines (21-23) (70T1217), and all isomeric 
perhydropyrido[3,2,l-y][3,l]benzoxazines (25-28) [80JCS(P2)1778] with 
methyl iodide were measured in acetonitrile at 29-30°C. 



Copper-mediated 1,4-addition of Grignard reagent (83) to hexahydro- 
pyrido[l,2-c][l,3]oxazine-l,6-dione (82) afforded perhydro derivatives (84) 
(93JA8851). Reaction of 1,6-dione (84) with LDA and A-(5-chloro-2- 
pyridyl)triflimide gave vinyltriflate (81), which contained 10% of the regio- 
isomeric 1,3,4,4 a,7,8 -hexahydro derivative (93JA8851). 

The 8-phenyIsulfonyl derivative 86 was obtained when a solution of 
perhydropyrido[l,2-c][l,3]oxazin-l-one (85) and tetraethylammonium p- 
toluenesulfonate was electrolyzed and the evaporated residue was treated 
with benzenesulfinic acid and anhydrous calcium chloride (91T1311). From 
the 8-phenylsulfonyl derivative (86), the 7,8-unsaturated derivative (87) 
and different 8-substituted derivatives (88-90) could be prepared stereose- 
lectively (90SL48, 90SL749; 91T1311) (see Scheme 13). 
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(89) 


Scheme 13 

From the dimethyl acetal derivatives of perhydropyrido[l,2-c][l,3]oxa- 
zines (33 and 34), the phenylsulfonyl group was reductively removed with 
sodium amalgam to yield 5-unsubstituted derivatives (96SL100). 

The treatment of methyl l-oxo-l,3,4,4a,7,8-hexahydropyrido[l,2-c][l, 
3]oxazine-8-carboxylate with NaOMe in CH 3 OD gave the 8-deuterated 
product (81JA7573). 



(91) (92) (93) (94) 

The anodic electrochemical oxidation of m-3,4a-H-3-phenylperhydro- 
pyrido[l,2-c][l,3]oxazin-l-one (91) in methanol in the presence of tetraeth- 
ylammonium p-toluenesulfonate gave a mixture of methoxylated pyr- 
ido[l,2-c][l,3]oxazin-l-ones (92-94) (91CJC211). 
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The 10-fluoro atom of 9,10-difluoro-7-oxo-l/7,3/7,7/7-pyrido[3,2,l-i/][3, 
l]benzoxazine-6-carboxylic acids was regioselectively substituted by cyclic 
amines (90EUP373531; 96GEP4424369). 

4. Reactivity of Substituents Attached to Ring Carbon Atoms 

The carboxylic acid 95, obtained from the methyl ester by alkaline hy¬ 
drolysis, was converted by an Arndt-Eistert sequence to the higher ho¬ 
molog 96 (84JA3240). The ethyl esters of 7-oxo-l//,3//,7//-pyrido[3,2,l- 
i/][3,l]benzoxazine-6-carboxylates were hydrolyzed under basic conditions 
(90EUP373531). The carboxylic acid derivative was obtained by alkaline 
hydrolysis of methyl trans-4a,8-H-l-oxo-l,3,4,4a,7,8-hexahydropyrido[l,2- 
c][l,3]oxazine-8-carboxylate (81JA7573). 



(95) (96) 


The carbonyl group in the side chain at position 8 of perhydropyrido[l,2- 
c][l,3]oxazines (33) and (34) was converted to the dimethylacetal on the 
treatment with triethyl orthoformate in methanol in the presence of p- 
toluenesulfonic acid (96SL100). 

7-(A-Allylamino)-6,7-dihydro-l//,3//,5//-pyrido[3,2, l-y][l, 3]benzoxazin- 
3-one was A-methylated with formic acid-formaldehyde to furnish the 7- 
(jV-allyl-jV-methyl)amino derivative (87EUP239129; 90CPB1575). Treat¬ 
ment of 7-hydroxylimino-6,7-dihydro-l//,3//,5//-pyrido[3,2,l-iy][3,l]ben- 
zoxazin-3-one with a mixture of formic acid and formaldehyde at 100°C 
afforded the 7-dimethylamino derivative (87EUP239129). 

The side-chain piperidine ring of 97 was A-acylated with benzoyl chloride 
and phenyl isocyanate [70LA(737)24], and the hydroxy group of compound 
(38, R = OH, R 1 = Me, R 2 = Ph) was acylated with benzoyl chloride 
(85GEP3439131; 90CB803). The HO -> Cl exchange did not occur when 
44 was boiled in SOCl 2 (90T4039). 

Oxidative elimination of the phenylselenyl group of the perhydro[l,3]ox- 
azino[3,4-a]isoquinoline (98) was effected with 30% H 2 0 2 in the presence 
of pyridine to afford 71 in quantitative yield [84JCS(CC)597; 86CPB2380]. 

4-(2-Piperidylmethyl)perhydropyrido[l,2-c][l,3]oxazines were reacted 
with phenyl isothiocyanate and benzoyl chloride [70LA(737)24], 




4-(Phenylimino)-l-hydroxymethyl-9,10-dimethoxy-l,2,4,6,7,llb-hexahy- 
dro[l,3]oxazino[4,3-a]isoquinoline was prepared from 4-methylimino 
and 4-thione derivatives in the presence of HgO and 4-methylthio- 
l,6,7,llMetrahydro-2H-[l,3]oxazino[4,3-a]isoquinolinium salt with aniline 
(85GEP3510526). 4-Methylthio-l-hydroxymethyl-9,10-dimethoxy-l,6,7,11b- 
tetrahydro-2//-[l,3]oxazino[4,3-a]isoquinolinium iodide was obtained from 
the l,2,4,6,7,llb-hexahydro-4-thione derivative with methyl iodide 
(85GEP3510526). l-Hydroxymethyl-9,10-dimethoxy-l,2,4,6,7,llb-hexahy- 
dro-[l,3]oxazino[4,3-fl]isoquinolin-4-thione was obtained from its 4-one de¬ 
rivative by treatment with P 4 Si 0 in pyridine (85GEP3510526). 

The 7-hydroxy group of 7-hydroxy-6,7-dihydro-l//,37/,5//-pyrido[3,2,l- 
y][3,l]benzoxazin-3-one was alkylated with alkyl halide in DMSO in the 
presence of sodium hydride (87EUP239129; 90CPB1575). The 7-oxo group 
of 3,4,5,6-tetrahydro-l//-pyrido[3,2,l-(/'][3,l]benzoxazine-3,7-dione was 
converted into the 7,7-ethylenedioxy group by treatment with ethylene 
glycol in the presence of p-toluenesulfonic acid in boiling toluene. It was 
then condensed with hydroxylamine hydrochloride in the presence of so¬ 
dium acetate and with allylamine in the presence of p-toluenesulfonic acid 
and molecular sieve 3A, and the imine was reduced with NaBH 4 to give 
the 7-allylamine derivative (87EUP239129; 90CPB1575). 

5. Ring Transformation 

2-Aryl-l,6,7,8,9,9a-hexahydro-4//-quinolizines were obtained when 3- 
aryl-methylperhydropyrido[l,2-c][l,3]oxazine hydrochlorides were heated 
in concentrated hydrochloric acid (60BRP856357; 62USP3031454). 

Ethyl 4,5,6,7,8,8a-hexahydro-3//-quinolizine-l-carboxylate was obtained 
in 82% yield from l-oxo-3-vinylperhydropyrido[l,2-c][l,3]oxazine-4-car- 
boxylate on the action of DBU in DMSO [88CPB1597; 90H(30)885], Re¬ 
arrangement of [l,3]oxazino[3,4-a]quinoline (67, R = H) in the presence 
of NaOMe in cyclohexane at 65°C produced benzo(c)quinolizine-l,3-dione 
(99) (71JOC2211). 
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(100) R = Ph, 4-EtOPh, 4-NH 2 Ph, (10 1) 
iPr, fflu, cyclohexyl, 


Treatment of l-cyano-9,10-dimethoxy-2,4,6,7-tetrahydro[l,3]oxazino[4, 
3-a]isoquinoline (100) with primary amine and aqueous formaldehyde in 
boiling ethanol afforded 2-substituted l-cyano-9,10-dimethoxy-3,4,6,7- 
tetrahydro-2//-pyrimido[6,l-a]isoquinolines (101) (73JHC435). 

Different di-, tri-, tetra-, and pentacyclic heterocycles were prepared from 
6,7-dihydro-l//,3//,5//-pyrido[3,2,l-(/][3,l]benzoxazine (102) as depicted in 
Scheme 14 (78JHC645; 79JHC829; 80JHC1785; 83EUP59698; 84MIP1). 
See further examples in Section IV,B,6. 

6. Miscellaneous 

The epimers of c«-3,4a-H-3-phenylperhydropyrido[l,2-c][l,3]oxazin-6- 
one were separated with camphor-10-sulfonic acid in acetone (85T2891). 
The enantiomers of 6,10,ll,lla-tetrahydropyrido[l,2-c][l,3]benzoxazin-6- 
one were quantitatively separated by means of HPLC on swollen microcrys¬ 
talline triacetylcellulose with ethanol-water (96:4) as the mobile phase. 
The first-eluted enantiomer had the R configuration (91ACS716). 

The elecrochemical reduction of l-hydroxymethyl-9,10-dimethoxy-4- 
cyclohexylimino-l,2,4,5,6,ll£>-hexahydro[l,3]oxazino[4,3-a]isoquinoline on 
a dropping Hg electrode was studied (87PHA858). 


B. Pyrido[1,2-c][1,3]thiazines and Their Benzo Derivatives 
1. Ring Opening 

Reductive desulfurization of all-c«-3,4a,5,6-H-3-phenyl-5-substituted 6- 
formylperhydropyrido[l,2-c][l,3]thiazin-l-ones with Raney Ni in boiling 
ethanol gave all-c«-2,3,4-H-l-formyl-2-(2-phenethyl)-3-substituted piper- 
idin-4-ols (85T2861). 

Reaction of l-iminoperhydropyrido[l,2-c][l,3]thiazine hydrobromides 
with tetraethylenepentamine in boiling ethanol afforded 2-(2-mercapto- 
ethyl)piperidines [70T3941; 82OMR(20)239], 
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2. Reactivity of Rings 

The reaction of l ) 3,4,4fl,5,10diexahydro[l,3]thiazino[3,4-h]isoquinoline- 
1-thione and methyl iodide gave l-methylthio-4,4a,5,10-tetrahydro-3//- 
[l,3]thiazino[3,4-h]isoquinolinium iodide, which reacted with 5-aminoiso- 
quinoline in pyridine at 40°C to afford l-(5-isoquinolylimino)-l,3,4,4a,5, 
10-hexahydro[l,3]thiazino[3,4-h]isoquinoline (79GEP2848926). 
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The 4-(substituted imino) moiety of 1,2,4,6,7,1 lh-hexahydro-2/7-[l ,3]thi- 
azino[4,3-a]isoquinolines was substituted with another (substituted imino) 
group when 9,10-dimethoxy-l-hydroxymethyl-4-(substituted imino)-l,2,4, 
6,7,116-hexahydro-[l,3]thiazino[4,3-a]isoquinolines were reacted with pri¬ 
mary amines in boiling ethanol (85GEP3510526). 

3. Reactivity of Substituents Attached to Ring Carbon Atoms 

fram-l,116-H-l-Benzoyloxymethyl-9,10-dimethoxy-4-phenylimino-l,2, 
3,6,7,llh-hexahydro[l,3]thiazino[4,3-a]isoquinoline was obtained from the 
1-hydroxymethyl derivative by reaction with benzoyl chloride in boiling 
pyridine (90CB803). 

4. Ring Transformation 

The reaction of 6,7-dihydro-l//,3//,5//-pyrido[3,2,l-//'][3,l]benzothia- 
zine-l,3-dithione ( 103 ) with 1,3-diaminopropane afforded the tetracyclic 
compound ( 104 ) (78JHC645). 



(103) (104) 


5. Miscellaneous 

The electrochemical reduction of 4-(substituted imino)-l,2,4,5,6,llh- 
hexahydro[l,3]thiazino[4,3-a]isoquinolines on a dropping Hg electrode was 
studied in the pH range 1-11 (87PHA858). 


C. Pyrido[1,2-c]pyrimidines and Their Benzo Derivatives 
1. Ring Opening 

2-(l-Aminocarbonyl-2-piperidyl)acetic acid was obtained from perhy- 
dropyrido[l,2-c]pyrimidine-l,3-dione by reaction with 30% aqueous KOH 
at 60-70°C (56CB1642). Treatment of l,3-dimethyl-5,6,7,8-tetrahydropyr- 



42 


ISTVAN HERMECZ 


[Sec. III.C 


ido[l,2-c]pyrimidinium-4-carboxylate with aqueous ammonia gave 4-(4- 
ammoniobutyl)-2,6-dimethylpyrimidine-5-carboxylate (87JOC2455). Basic 
hydrolysis of 4-cyano-5,6,7,8-tetrahydro-3//-pyrido[l,2-c]pyrimidin-3-one 
led to a ring-opened product (82KGS518). 

Treatment of 9,10-dimethoxy-l,3,4,6,7,llb-hexahydro-2//-pyrimido[6,l- 
a]isoquinoline-2,4-dione with LAH in dioxane at 80°C yielded ring-opened 

2-(2-methylaminoethyl)-6,7-dimethoxy-l,2,3,4-tetrahydroisoquinoline (59- 

YZ1008). Heating 9,10-dimethoxy-l,3,4,6,7,llb-hexahydro-2//-pyrimido 
[6,l-a]isoquinoline or its 3-methyl derivative in a mixture of 35% for¬ 
maldehyde and 80% formic acid gave l-dimethylamino-2-methyl-6,7- 
dimethoxy-l,2,3,4-tetrahydroisoquinoline (59YZ1008). Heating 9,10- 
dimethoxy-6,7-dihydro-2//-pyrimido[6,l-a]isoquinolin-2-one in a sodium 
hydroxide solution gave l-aminocarbonylmethylene-l,2,3,4-tetrahydroiso- 
quinoline [81KFZ(5)44; 82KGS1095]. Acidic hydrolysis of 9,10-dimethoxy- 
4-phenyl-1,6,7,11 b-tetrahydro- and 1,3,4,6,7,11 b-hexahydro-2//-pyrimido 
[6,l-a]isoquinolines (84JHC149) and 2,3,4,4a,5,6-hexahydro-l//-pyrimido 
[l,6-a]quinoline (60YZ1414) led to ring-opened products. l-[(Acylamidino) 
methylene]-6,7-dialkoxy-l,2,3,4-tetrahydroisoquinolines ( 48 ) were obtained 
when 2-imino-4-substituted 9,10-dialkoxy-6,7-dihydro-2//-pyrimido[6,l- 
a]isoquinoline hydrochlorides were treated with aqueous potassium hy¬ 
droxide or their hydrates (51 • H 2 0) were left to stand in ethanol over¬ 
night (90CB493). 

Reduction of 9,10-dimethoxy-l-(un)substituted 3-substituted 1,3,4,6,7, 
llb-hexahydro-2//-pyrimido[6,l-a]isoquinolones with NaBH 4 in acetic acid 
afforded ring-opened 6,7-dimethoxy-2-methyl-l-[2-(substituted amino)-2- 
oxo]ethyl-l,2,3,4-tetrahydroisoquinolines (92GEP4104257). 

See further examples in Section III,C,4. 

2. Reduction, Hydrogenation 

Perhydropyrido[l,2-c]pyrimidine was obtained from perhydropyrido 
[l,2-c]pyrimidine-l,3-dione (59CB637) and from perhydropyrido[l,2- 
c]pyrimidin-l-one [67YZ663; 730MR(5)397] by reduction with LAH. Re¬ 
duction of 2-oxo- and 2,4-dioxo-l,3,4,6,7,llb-hexahydro-2//-pyrimido[6, 
l-a]isoquinolines and l-oxo-2,3,4,4a,5,6-hexahydro-l//-pyrimido[l,6-a] 
quinoline with LAH gave hcxahydro-2//-pyrimido[6,l-a]isoquinolines 
[59YZ1008; 77JCS(P2)370] and hexahydro-l//-pyrimido[l,6-a]quinoline 
(60YZ1414), respectively. 

Reduction of 2-benzyl-l,2,3,5,6,7-hexahydropyrido[3,2,l-//']quinazolin-7- 
one with NaBH 4 and hydrazine hydrate in the presence of KOH gave 7- 
hydroxy and 7-deoxy derivatives, respectively (72MI1). 

Catalytic reduction of l-cyano-6,7-dihydro- and l-cyano-3,4,6,7- 
tetrahydro-2//-pyrimido[6,l-a]isoquinolines or of l-cyano-3-acetoxy- 
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1.3.4.6.7.116- hexahydro-2//-pyrimido[6,l-a]isoquinoline over Pd/C gave 1- 
cyano-1,3,4,6,7,1 l/>-hexahydro-2//-pyrimido[6,l -ajisoquinolines (81CB61; 
84MI3). Catalytic reduction of 4-(/?-nitrophenyl)-9,10-dimethoxy-6,7- 
dihydro-2//-pyrido[6,l-fl]isoquinoline over Pt0 2 in acidic methanol gave 
4-(p-aminophenyl)-6,7-dihydro and 4-( p-aminophenyl)-l ,3,4,6,7,11 b- 
hexahydro derivatives after the absorption of 3 and 5 mol hydrogen, respec¬ 
tively (55JPJ709, 55MI2). 9,10-Dimethoxy-l,2,3,6,7,116-hexahydro-4//- 
pyrimido[6,l-a]isoquinolin-4-one was prepared from 6,7-dihydro-2//- 
pyrimido[6,l-a]isoquinolin-4-one and its 2-chloro derivative by catalytic 
hydrogenation over Pd/C (84JMC1470). 

Catalytic reduction of 4-benzyl-2-phenyl-2,3-dihydro-l//-pyrimido[6,l- 
a]quinoline-l,3-dione with hydrogen over 5% Pt/C in acetic acid at 50°C 
for 15 h gave the 2,3,5,6,6a,7,8,9,10,10a-decahydro-l// derivative (83M227). 

Treatment of 2-substituted 4-cyano-3-imino-2,3,5,6,7,8-hexahydro- 
l//-pyrido[l,2-c]pyrimidin-l-ones with NaBH 4 in ethanol gave 3- 
amino-2,4a,5,6,7,8-hexahydro-l// derivatives (90MI3). The N(3)-C(4) 
double bond of 6,7-dihydro- and l,6,7,llb-tetrahydro-2//-pyrimido[6,l-a] 
isoquinolines was saturated by treatment with NaBH 4 (81CB61; 
84JHC149, 84MI3). Electrochemical reduction of 4-aryl-9,10-dialkoxy- 
l,6,7,llh-tetrahydro-2//-pyrimido[6,l-a]isoquinolin-2-ones afforded the 

1.3.4.6.7.116- hexahydro derivatives (87PHA739; 89PHA694). Reduction 
of 9,10-dimethoxy-2,3,6,7-tetrahydro-4//-pyrimido[6,l-a]isoquinoline-2,4- 
dione with Mg in methanol yielded the 1,2,3,6,7,116-hexahydro derivative 
(90JOC5117). 2-Amino-9,10-dimethoxy-4-phenyl-6,7-dihydro-4//-pyrimido 
[6,l-a]isoquinoline was obtained when 2-imino-9,10-dimethoxy-4-phenyl- 

6.7- dihydro-2//-pyrimido[6,l-a]isoquinoline was hydrogenated over Pd/C 
(90CB493). 

3. Reactivity of Ring Nitrogen Atoms 

The 2-methyl derivative was prepared from perhydropyrido[l,2-c] 
pyrimidine-1,3-dione on treatment with diazomethane in aqueous meth¬ 
anol (56CB1642). The methoiodide was obtained from perhydropyrido[l,2- 
cjpyrimidine with methyl iodide (59CB637). 

The nonbridgehead nitrogen of perhydropyrido[l,2-c]pyrimidines 
(69JHC181) and their 3-oxo (84EUP104647; 85JMC1285) and 1,3-dioxo 
derivatives (64JMC146; 87USP4680295) and 2,3-dihydro-l//-pyrido[l,2- 
c]pyrimidine-l,3-diones (57HCA1319), and that of 9,10-dimethoxy-3, 

4.6.7- tetrahydro-2//- (77SAP77/06706; 78GEP2720085; 79GEP2801289; 
80GEP2847693; 84JMC1470), 1,3,4,6,7,llb-hexahydro-2//-pyrimido[6,l- 
«]isoquinoline-2,4-diones (69YZ649; 84T4003; 90JOC5117), as well as that 
of 2,3,4,4a,5,6-l//-pyrimido[l,6-a]quinolin-l-ones (70USP3494922), has 
been alkylated, and the nonbridgehead nitrogen of perhydropyrido 




44 


ISTVAN HERMECZ 


[Sec. III.C 


[l,2-c]pyrimidine [730MR(5)397], its 1-oxo derivative (90MIP1), its 
l,3,4,6,7,llh-hexahydro-2//-pyrimido[6,l-a]isoquinoline (59YZ1008), and 
its 2,4-dione derivative has been acylated (84T4003). 

The alkylation of 2-(substituted amino)-9,10-dimethoxy-6,7-dihydro- 
4H-pyrimido[6,l-a]isoquinolon-4-ones usually led to a mixture of 2- 
(disubstituted amino)-6,7-dihydro and 2-(substituted imino)-3-alkyl-2,3,6, 
7-tetrahydro derivatives (e.g., 54 and 53 ) (81INIP149457; 84EUP124893, 
84JMC1470; 86HCA1671). The ratio of the 3-alkyl-2,3,6,7-tetrahydro and 
the 2-(disubstituted amino)-6,7-dihydro derivatives varied and depended 
on the size of the alkyl group and the alkylation conditions (84JMC1470). 
The ratio of the 3-alkyl-2,3,6,7-tetrahydro isomers was higher when K 2 C0 3 / 
acetone was used instead of NaH/DMF, and the ratio decreased with in¬ 
creasing alkyl group. (Earlier the starting compounds were described as 4- 
[substituted amino]-2-oxo derivatives [79GEP2801289]. 

Hydrolysis of 2-acetyl-l-[cyano(nitro)methylene]perhydropyrido[l,2- 
c]pyrimidine in boiling 5 N hydrochloric acid gave the 2-unsubstituted 
derivative [74JCS(P1)16U]. 

4. Reactivity of Ring Carbon Atoms 

Treatment of 4-phenyl-2,3-dihydro-l//-pyrido[l,2-c]pyrimidine-l,3- 
dione with POCl 3 in the presence of /V./V-dimethylaniline gave 3-chloro- 
4-phenyl-l//-pyrido[l,2-c]pyrimidin-l-one. The 3-chloro atom could be 
substituted by amino and alkoxy groups. Treatment of the 3-chloro deriv¬ 
ative with thiourea afforded 4-phenyl-3-thioxo-2,3-dihydro-l//-pyrido[l,2- 
c]pyrimidin-l-one (57HCA1319). 

Treatment of 9,10-dimethoxy-6,7-dihydro-2//-pyrimido[6,l-a]iso- 
quinolin-2-ones with POCl 3 gave 2-chloro-6,7-dihydropyrido[6,l-a]iso- 
quinolinium chlorides, which were subsequently reacted with an amine or 
hydrazide to give 2-(substituted amino)-6,7-dihydropyrimido[6,l-a]isoquin- 
olinium chlorides (82KGS1095). Heating 9,10-dimethoxy-2,3,6,7-tetra- 
hydro-4//-pyrimido[6,l-a]isoquinoline-2,4-diones in POCl 3 gave 2-chloro-6,7- 
dihydro-4-one derivatives [81FRP2470130; 84JMC1470, 84USP4482556; 
89H(29)1929]. (Earlier the products were described as 4-chloro-2-oxo deriv¬ 
atives [77SAP77/06706; 78GEP2720085]). The chlorine atom in 2-chloro- 
6,7-dihydro-4//-pyrimido[6,l-a]isoquinolin-4-ones was substituted with 
amines [80GEP2847693, 80INIP147624; 81FRP2470130; 84EUP124893, 
84USP4482556; 86HCA1671; 89H(29)1929] or with sodium butoxide and 
phenoxide (84JMC1470), or was hydrolyzed with water [89H(29)1929], 
Treatment of 2-methylthio-6,7-dihydro-4//-pyrimido[6,l-a]isoquinolin-4- 
ones with amines yielded 2-(substituted amino) derivatives (84JMC1470). 
(Earlier the starting compounds were described as 4-methylthio-2-oxo de- 




Sec. III.C] PYRIDOp ,2-c][l,3]OXAZINES, -THIAZINES, & -PYRIMIDINES, II 45 


rivatives [77SAP77/06706; 78GEP2720085; 79GEP2801289]). Reaction 
of 2-chloro-3-methyl-9,10-dimethoxy-4-oxo-6,7-dihydro-4//-pyrimido[6,l- 
njisoquinolinium chloride with mesitylene gave the 2-[(2,4,6-trimethylphe- 
nyl)imino]2,3,6,7-tetrahydro-4// derivative (85GEP3340773). 

2-Benzyl-l,2,3,5,6,7-hexahydropyrido[3,2,l-y]quinazolin-7-one was acy- 
lated at position 9 by heating in acetic acid (72MI1). 




Treatment of l-imino-4-cyano-3-methylthio-l//-pyrido[l,2-c]pyrimidine 
( 105 ) with morpholine afforded the 1-amino-l-morpholine derivative ( 106 ). 
Reaction of the 1-imino derivative ( 105 ) with dimethyl acetylenedicarboxy- 
late gave the diaza[3,3,3]azine derivative ( 107 ) (75YZ13). Treatment of 105 
with concentrated H 2 S0 4 or with acetic acid yielded 4-aminocarbonyl-3- 
methylthio- l//-pyrido[l,2-c]pyrimidin-l-one and 4-cyano-3-methylthio- 
l//-pyrido[l,2-c]pyrimidin-l-one, respectively. Reaction of the latter deriv¬ 
ative with morpholine afforded the 3-morpholino derivative (75YZ13). 
Hydrolysis of 4-cyano-3-imino-2,3,5,6,7,8-hexahydro-l/7-pyrido[l,2-c] 
pyrimidine-l-(thi)ones or their 3-(aminocarbonyl)imino derivatives in boil¬ 
ing 70% HC1 gave 3-oxo derivatives (78MI1). 



Methylation of 4,4fl,5,6,7,8-hexahydro-3//-pyrido[l,2-c]pyrimidin-3- 
one ( 108 , R = H) with methylmagnesium chloride in the presence of 
Cu 2 l 2 or Cu 2 Br 2 gave l-methylperhydropyrido[l,2-c]pyrimidin-3-one 
( 109 ) (84EUP104647; 85JMC1285). Reduction of 108 either over Pd/C 
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under hydrogen or with LAH gave perhydropyrido[l,2-c]pyrimidin-3- 
ones (110). 



Reaction of perhydropyrido[l,2-c]pyrimidin-3-one ( 111 ) with 2 equiv 
propylmagnesium chloride, and subsequent treatment of the reaction 
mixture with LAH, gave 30% of a 1:3 mixture of tricycles ( 112 , R = 
nPr) with the unsubstituted tricycle ( 112 , R = H). When lithium tri -tert- 
butoxyaluminohydride was used in the reduction step, (±)-tetraponerine- 
T4 alkaloid ( 113 , R = nPr) was obtained, containing less than 5% of 112 
(R = nPr). The addition of 1 equiv tetramethylethylenediamine increased 
the overall yield of 113 (R = nPr) to 70%, with less than 1% of 112 (R = 
«Pr). Tetraponerine-T8 ( 113 , R = C 5 H n ) was prepared similarly by using 
pentylmagnesium bromide (90TL4543). 

Treatment of 2,4,4-trimethyl-5-phenyl-l-thioxo-3-oxo-2,3,4,6,7,8- 
hexahydro-l//-pyrido[l,2-c]pyrimidine with Lawesson’s reagent gave a 
1,3-dithioxo derivative [96H(42)117], Treatment of a 4-thioxo-l,3,4,6,7,llh- 
hexahydro-2//-pyrimido[6,l-a]isoquinolin-2-one derivative with Hg(OAc) 2 
in boiling acetic acid gave the 2,4-dioxo derivative, and with Raney Ni in 
boiling ethanol yielded the 2-oxo derivative (69YZ649). In the latter case 
the 3-(4-bromophenyl) group was converted into a 3-phenyl group. 9,10- 
Dimethoxy-6,7-dihydro-4//-pyrimido[6,l-a]isoquinolin-4-one was obtained 
from its 2-methylthio derivative by reaction with Raney Ni in boiling ace¬ 
tone (84JMC1470). 

Heating 3-acetoxy-l-cyano-9,10-dimethoxy-3,4,6,7-tetrahydro-2//-pyri- 
mido[6,l-a]isoquinoline yielded the 6,7-dihydro derivative by elimination 
of acetic acid (81CB61; 84MI3). 

Reaction of 9,10-dimethoxy-3,4,6,7-tetrahydro-2//-pyrimido[6,l-aJ 
isoquinoline-2,4-diones (84JMC1470) and 2-[2-(l-pyrrolidinyl)ethyl]- 
2,3,4,4a,5,6-hexahydro-l//-pyrimido[l,6-a]quinolin-l-one (70USP3494922) 
with P 4 Sio gave the 2-thioxo and 1-thioxo derivatives, respectively. (In the 
first case the products were earlier described as 2-oxo-4-thioxo derivatives 
[77SAP77/06706; 78GEP2720085; 79GEP2801289], 

Treatment of trequinsin ( 19 ) with dimsyl ion gave the ring-opened prod¬ 
uct 114 when a short reaction period (5 min) was applied, but a longer 
reaction period led to a mixture of 115 and 114 (reaction period 15 min), 
or a mixture of 116 and 115 (reaction period 45 min) (90JOC5117). Similar 
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ring opening occurred when other 2-amino-6,7-dihydro-, 2-imino-, or 2- 
oxo-2,3,6,7-tetrahydro-4//-pyrido[6,l-a]isoquinolin-4-ones were treated 
with NaH (90JOC5117), or when 2-imino-6,7-dihydro-2//-pyrido[6,1 -a] 
isoquinolines or their hydrated derivatives were heated (91CB111). Ring 
opening did not occur with 9,10-dimethoxy-l,2,3,5,6,llZ?-hexahydro-4//- 
pyrimido[6,l-a]isoquinolin-4-one (90JOC5117). 



(117) (118) (119) 


Treatment of l,2,3,6,7,llZ>-hexahydro-4//-pyrimido[6,l-a]isoquinoline- 
2,4-dione ( 117 ) with excess NaH in DMF yielded a mixture of the 1-methyl- 
2,3,6,7-tetrahydro and ring-opened compounds 118 and 119 (90JOC5117). 

Heating 4-benzyl-2-phenyl-2,3-dihydro-l//-pyrimido[l,6-a]quinoline- 
1,3-dione in the presence of A1C1 3 at 180°C for 30 min yielded a 4-debenzyl 
derivative (83M227). Reaction of 2-phenyl-2,3-dihydro-l//-pyrimido[l,6- 
a]quinoline-l,3-dione with sulfuryl chloride in dioxane at 50-60°C for 2 h, 
than at 70°C, gave 2-phenyl-4,4,4a-trichloro-2,3,4,4a-tetrahydro-l//-pyri- 
mido[l,6-a]quinoline-l,3-dione (83M227). 

The photocyclization of l-aryl-3,4,6,7-tetrahydro-2//-pyrimido[6,l-a] 
isoquinoline-2,4-diones (120) to pyrimidoaporphine derivatives (121) has 
been studied (84T4003). Reaction of l-acylamido-2,3,6,7-tetrahydro-4//- 
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pyrimido[6,l-a]isoquinoline-2,4-diones ( 122 ) with P 4 Si 0 gave thiazolo[5,4- 
b]pyrimido[6,l-a]isoquinolin-5-ones ( 123 ) [89H(29)1929]. 

Oxidation of l-aryl-9-methoxy-l,2,3,5,6,7-hexahydro-7i/-pyrido[3,2,l-//]- 
quinazolin-3-ones with KMn0 4 in dioxane gave 1,2,3,7-tetrahydro deriva¬ 
tives (73USP3709887). 

5 . Reactivity of Substituents Attached to Ring Carbon Atoms 

Methylthio derivatives were prepared from perhydropyrido[l,2-c]pyri- 
midine-l-thiones (62JOC1970; 71JMC878; 72USP3631046; 74USP3772230; 
75USP3868372) and from 9,10-dimethoxy-2-thioxo-3,4,6,7-tetrahydro-2H- 
pyrimido[6,l-a]isoquinolin-4-ones (84JMC1470) with methylating agents. 
(In the case of the pyrimido[6,l-a]isoquinoline derivative, the starting com¬ 
pounds were earlier described as 4-thioxo-2-oxo derivatives [77SAP77/ 
06706; 78GEP2720085; 79GEP2801289], 

1,9-Diazacycl[3,3,3]azines (125 and 126 ) were prepared by the reaction 
of l-imino-8-methyl-lH-pyrido[l,2-c]pyrimidines ( 124 ) with ethoxymethy- 
lenemalononitrile and acetic anhydride, respectively (74CPB2765; 
78YZ623). In the latter cases, the hydrolysis of the imino group also oc¬ 
curred to give 4-oxo derivatives of 124 (78YZ623). 

Heating pyrido[l,2-c]pyrimidin-3-one ( 127 ) in 1 N HC1 or in 50% acetic 
acid afforded the tricyclic derivatives 128 and 129 , respectively (82KGS518). 
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Treatment of 2-substituted 3-amino-4-cyano-2,4a,5,6,7,8-hexahydro-l//- 
pyrido[l,2-c]pyrimidin-l-ones ( 130 ) with acyl chlorides afforded tri¬ 
cyclic 3,5-disubstituted 2,5,6,8,9,10,ll,lla-octahydro-l//-pyrido[l,2- 
c]pyrimido[5,4-e]pyrimidine-l,6-diones ( 131 ) (90MI3; 93MI1, 93MI3). 



The 3-imino group of 4-cyano-2-ethyl-3-imino-2,3,5,6,7,8-hexahydro-l/7- 
pyrido[l,2-c]pyrimidine-l-thione was acylated with phenyl isocyanate 
(78MI1). The imino group of l-imino-4-cyano-3-methylthio-l//-pyrido[l,2- 
c]pyrimidine was alkylated and acylated with methyl iodide and acetic 
anhydride (75YZ13). Reaction of 3-amino-4-phenyl-4-[2-(A(A r -di-n-pro- 
pylamino)ethyl-4,4 a,5,6,7, 8-hexahydro-l //-pyrido[l, 2-c ]pyri midin-l-one 
with acetic anhydride in pyridine and with sodium nitrite in aqueous acetic 
acid afforded 3-acetamido and perhydro-l,3-dioxo derivatives, respectively 
(87USP4680295). 

The hydroxy groups of 9-methoxy-10-hydroxy- and 9-hydroxy-10- 
met hox y-3-met hy l-2-(A r -mes i tyli mino)-2,3,6,7-te tra hydro-4//-py rimido[6,l - 
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n]isoquinolin-4-ones were alkylated with epibromohydrin to give 3'-bromo- 
2'-hydroxypropyl (84INIP153028) or 2',3'-epoxypropoxy derivatives 
(83EUP75165). The epoxy and bromo derivatives were reacted with amines 
(83EUP75165; 84INIP153028). The side-chain hydroxy group of 3-(2- 
hydroxye thyl)-9,10-di methoxy-1,3,4,5,6,1 lfo-hex ahyd ro-2//-py rimido[6,l - 
n]isoquinolin-2-one was acylated with acyl chlorides (61JMC505; 
62USP3021331). The hydroxy group of 3-hydroxy-3,4,6,7-tetrahydro- and 
l,3,4,6,7,llb-hexahydro-2//-pyrimido[6,l-a]isoquinolines has been acetyl- 
ated (81CB61). The side-chain benzylamino group of 2-substituted 
2,3,4,4a,5,6-hexahydro-l//-pyrimido[l,6-a]quinolin-l-ones was debenzy- 
lated by hydrogenation over Pd/C (70USP3494922). 

Diazotization of 4-(p-aminophenyl)-9,10-dimethoxy-6,7-dihydro- and 
-l,3,4,6,7,llb-hexahydro-2//-pyrimido[6,l-a]isoquinolines, followed by 
treatment with 30% H 3 P0 2 , gave deaminated products (55CPB259). 

Oxidation of the 4-methyl group on the phenyl ring of 9,10-dimethoxy- 
2-(2,4,6-tri methyl phenylimino)-3-methyl-2,3,6,7-tetrahydro-4//-pyrimido 
[6,l-n]isoquinolin-4-one with DDQ gave a complex, which was treated 
with ZnCl 2 in boiling methanol to yield the 4-methoxymethyl derivative 
(84TL2901; 86INIP157279). The 4-methoxymethyl group was cleaved in 2 
N hydrochloric acid to the hydroxymethyl group, which was oxidized with 
pyridinium chromate to the 4-aldehyde. The aldehyde was converted to its 
4-oxime, which was dehydrated in refluxing Ac^O, and the 4-nitrile was 
hydrolyzed with aqueous NaOH to give the 4-carboxy derivative 
(86INIP157279). 

Heating pyrimido[6,l-a]isoquinolin-4-one ( 132 ) in methanol gave the 
tetracyclic compound 133 (86CB2553). The reaction of l-amino-2-[(2,3,4- 
trimethylphenyl)amino]-6,7-dihydro-4//-pyrimido[6,l-fl]isoquinolin-4-one 
hydrochloride ( 134 ) with HN0 2 or with triethyl orthoesters gave the tetracy¬ 
clic compounds 135 and 136 , respectively [89H(29)1929]. 



(132) 


(133) 
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NHAr 



(134) 


X-NHAr 



Ar = 3,4,5-triMePh (135) x = N 

(136) X = CR 


Acylation of 2-[(2,4,6-trimethylphenyl)amino]-9,10-dimethoxy-6,7- 
dihydro-4//-pyrimido[6,l-a]isoquinolin-4-one with acetyl chloride gave a 2- 
acetamido derivative (84JMC1470). (Earlier the starting compound was 
described as a 4-amino-2-oxo-2// derivative, which afforded a mixture of 3- 
acetyl-4-[substituted imino]-2,3,6,7-tetrahydro-2-oxo-2// and 4-acetamido- 
6,7-dihydro-2-oxo-2// derivatives [77SAP77/06706; 78GEP2720085]. 

The acetamido group of 2-acetamido-l-[nitro(cyano)methylene] 
perhydropyrido[l,2-c]pyrimidine [74JCS(P1)1611], or that of 1-acetamido- 
2-(substituted amino)-6,7-dihydro- and l-acetamido-2-oxo-2,3,6,7-tetrahy- 
dro-4//-pyrimido[6,l-a]isoquinolin-4-ones [89H(29)1929], was hydrolyzed 
by treatment with cone. HC1. In the latter case, the amino group was 
acylated with trifluoroacetyl anhydride. 


MeOOC O R : 

^ 1.5equiv of (TMS) 3 SIH 

0-2 et > uiv of A1BN 
H toluene / 80°C 

R = Pr, CH 2 Ph, 

(137) R 1 = H, C(S)Op-Tolyl 


to 


The hydroxy group in 137 (R 1 = H) was acylated with O-p-tolyl chlorothi- 
onoformate (96JMC1872). The ester group of 138 (R 2 = Me) was hydro¬ 
lyzed under basic conditions, and the carboxyl group was esterified with 
benzyl alcohol to give 138 (R 2 = CH 2 Ph). The 6-thionoformate group of 
137 (R 1 = C(S)O-p-Tolyl) was reduced to give 6-unsubstituted bicycles 138 
(96JMC1872). 

The reaction of 2-cyanomethylperhydropyrimidine with LAH gave the 
2-(2-aminoethyl) derivative (69JHC181). 
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6. Ring Transformation 

8-Cyano-l,2,3,4-tetrahydro-6//,7//-l ,6-naphthyridin-7-one was obtained 
from 127 in boiling water (80KGS416, 80KGS1120) or by heating in DMF 
in the presence of benzylamine (82KGS518). Treatment of 2-benzyl-9- 
chloro-l,2,3,5,6,7-hexahydropyrido[3,2,l-y]quinazolin-7-one with NaN 3 
in chloroform in the presence of concentrated H 2 S0 4 gave 2-benzyl-10- 
chloro-l,2,3,5,6,7-hexahydro-8//-pyrimido[5,6,l-/A:][l,4]benzodiazepin-8- 
one (72MI1). 

7. Miscellaneous 

Cyclocondensation of 1 -methylthio-4,4a, 5,6,7,8-hexahydro-3//-pyrido 
[l,2-c]pyrimidine (139) with anthranilic acids (71JMC878; 72USP3631046; 
74USP3772230; 75USP3868372) or with ethyl 5-amino-3-methylisothiazole- 
4-carboxylate [76IJC(B)391] afforded the tetracyclic derivatives 140 and 
141, respectively. 



The reaction of pyrido[l,2-c]pyrimidin-l-one (142) with 1 or 2 mol of 
maleic anhydride afforded the cycloadduct 143 and the polycyclic com¬ 
pound 144, respectively (75IZV2608). The latter was formed from the 
cycloadduct 143. 



Reaction of l-(nitromethylene)perhydropyrido[l,2-c]pyrimidine with p- 
chlorobenzenesulfonyl azide in dioxane at 80°C gave the tricyclic 1-nitro- 
6,6a,7,8,9,10-hexahydro-5//-pyrido[l,2-c][l,2,3]thiazolo[l,5-a]pyrimidine 
[79JCS(P1)2361]. 
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IV. Synthesis 

A. Pyrido[1,2-c][1,3]oxazines and Their Benzo Derivatives 

1. By Formation of One Bond a to the Bridgehead Nitrogen Atom 
[6+0(a)] 

Treatment of 2-(2-vinyloxyethyl)pyridine with Br 2 in CCl, at 0°C 
gave l-bromomethyl-2,3-dihydro-l//-pyrido[l,2-c][l,3]oxazinium bromide 
(86KGS1396). 

2. By Formation of One Bond (3 to the Bridgehead Nitrogen Atom 

[6+0(d)J 

Perhydro[l,3]oxazino[3,4-a]quinolin-l-one (146) was prepared from per- 
hydroquinoline (145) by sequential treatment with O 3 , NaBH 4 , LiOH, NaH, 
and finally diazomethane (80JA1454). Treatment of perhydroquinoline 
(147) with NaBH 4 , and then with p-toluenesulfonic acid in benzene under 
reflux, gave a 1:6 mixture of a- and /3-lactones 148. The /3 isomer of 148 
was also converted to 146 in 93% yield with LiOH, NaH, and diazomethane 
(86CPB2380). Propionate 98 was obtained from 149 by reaction with LiOH 
and diazomethane [84JCS(CC)597; 86CPB2380]. 

4-Iminohexahydro[l,3]oxazino[4,3-fl]isoquinolines (151) were obtained 
from tetrahydroisoquinolines (150) in good yields [83H(20)1325; 


cooch 2 ch 3 
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tures of 3-methyl-3-(2-bromoethyl)-l,3,4,6-tetrahydro-7//-[l,4]oxazino[l,3- 
6]isoquinoline-l,4-diones (77CL1109). 

4. By Formation of Two Bonds from [5+1] Atom Fragments 

Goodson-Christopher cyclization of 2-(2-piperidyl)ethanols with alde¬ 
hydes yielded perhydropyrido[l,2-c][l,3]oxazines [17CB1407; 50JA358; 
54JA2431; 56BRP756686, 56CLY1180; 57CLY927; 58CLY2081, 58N516; 
60AP74,60BRP856357, 60CCC2179, 60JOC2028,60M840; 62USP3031454; 
63AP38; 65RTC1367; 66MI2; 67RZC1389,67TL2471; 68CJC1105,68T4423; 
70LA(737)24, 70T1217, 70T3941; 71T2055; 72JCS(CC)1152; 76IJC(B)777, 
76JCS(P2)418, 760MR(8)258; 78TL4647; 80BRP2071653; 85T2891; 
87T935; 88TL1691; 89TL1947; 95TA2149], When ketones or cyclic ketones 
were applied, disubstituted and spiro derivatives were obtained [66AP997, 
76IJC(B)777; 85GEP3439131; 90EUP373531]. 

Reaction of racemic and meso-l,3-di(2-piperidyl)-2-propanone with 40% 
formaldehyde at pH 5 gave dodecahydro-3,3'-bi-l//,3//-pyrido[l,2- 
c][l,3]oxazines [71LA(753)27], 

Similarly, starting from the appropriate 2-substituted ethanols, 
partly or fully saturated [l,3]oxazino[3,4-b]isoquinolines [77JCS(P2)370; 
80HCA1158], [l,3]oxazino[4,3-fl]isoquinolines [66AP997; 760MR(8)258; 
77JCS(P2)370; 85GEP3439131; 90CB803; 92T4937; 94JAP(K)94/41142], 
and [l,3]oxazino[3,4-a]quinolines [77JCS(P2)1592; 93JCR(S)170] were pre¬ 
pared with aldehydes [66AP997; 76BCJ837, 760MR(8)258; 79JHC21; 
92T4937] or with a form of formaldehyde. Pyrido[l,2-c][l,3]benzoxazines 
[70T1217; 76BCJ837, 76IJC(B)975; 77USP4025512; 79JHC21; 91KGS124] 
and pyrido[3,2,l-y]benzoxazines [80JCS(P2)1778; 840MR(22)424; 

90EUP373531] were prepared from 2-(2-piperidyl)cyclohexenol, 2- 
(hexahydro- or tetrahydro-2-pyridyl)phenols, and 8-hydroxymethylperhy- 
droquinolines on treatment with aldehydes (76BCJ837; 79JHC21; 
90EUP373531) or with a form of formaldehyde. 

Instead of formaldehyde, /V,iV,Y',/V'-tetramethylrnethylenediarnine 
(80HCA1158) or dibromomethane [76IJC(B)975] could also be applied. 

Perhydropyrido[l,2-c][l,3]oxazin-l-ones were prepared in the reaction 
of the appropriate 2-(2-piperidyl) ethanols and ethyl chloroformate 
(63AP38) in the presence of sodium ethylate in boiling benzene, or when 
2-(2-piperidyl)ethanol was reacted with dimethyl carbonate in the presence 
of sodium methylate (91T1311). 1-Hydroxymethyl-9,10-dimethoxy- 

1,2,4,6,7,1 lh-hexahydro-[l,3]oxazino[4,3-fl]isoquinoline-4-one and 4-thione 
were prepared from l-[bis(hydroxymethyl)methyl]-6,7-dimethoxy-l,2,3,4- 
tetrahydroisoquinoline with ethyl chloroformate in the presence of sodium 
methylate, and thiophosgene in the presence of NEt 3 , respectively 
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(85GEP3510526). Reaction of 2-(2-hydroxy-2-substituted ethyl)-l,2,3,4- 
tetrahydroquinolines with diethyl carbonate at 100°C in toluene in the 
presence of sodium methylate gave mixtures of epimers of 3-substituted 
l,3,4,4a,5,6-hexahydro[l,3]oxazino[3,4-a]quinolin-l-ones (89EUP322263). 

Optically active and racemic l-ethylideneperhydro[l,3]oxazino[3,4- 
6]isoquinolines (42) were prepared in good yields from the appropriate 
3-(2-hydroxyethyl)perhydroisoquinoline with /V,/V-dimethylpropionamide 
dimethyl acetal (80HCA1158). 

Optically active cis- 3,4a-H-l ,3,4,4a, 5,6-hexahy dropyrido[l ,2-c] [1,3] 
oxazine-l,6-diones were obtained from (+)-2-(2-hydroxy-2-phenylethyl)- 
and (+)-2-(2-hydroxypentyl)-l,2,3,4-tetrahydropyridin-4-one with 1,1'- 
carbonyldiimidazole in THF in the presence of triethylamine (93JA8851, 
93JOC5035). 

The 1-imine derivatives of 4-phenylperhydropyrido[l,2-c][l,3]oxazines 
were prepared from erythro- and f/ireo-2-(2-piperidyl)-2-phenylethanols 
with cyanogen bromide followed by treatment with hydrogen chloride in 
boiling ethanol (73AP284). 

Treatment of 8-hydroxymethyl-l,2,3,4-tetrahydroquinoline, 1,2,3,4- 
tetrahydroquinoline-8-carboxylic acid, or l-(2-hydroxyethyl)-l,2,3,4- 
tetrahydroisoquinolines with COCl 2 in the presence of a base furnished 
l,5,6,7-tetrahydro-3//-pyrido[3,2,l-y][3,l]benzoxazin-3-one (92JMC1076), 
the -1,3-dione (102) (78JHC645), and l,2,4,6,7,llh-hexahydro[l,3]oxazino[4, 
3-a]isoquinolin-4-ones (92T4937), respectively. 



l-Oxopyrido[l,2-c][l,3]oxazinium chloride (153) was prepared from 2- 
(2-pyridyl)-l,3-propanediol by reaction with COCl 2 in the presence of NEt 3 
at -30°C (92JOC5764). When 6 mol COCl 2 was used and the reaction 
mixture was treated with gaseous NH 3 at -70°C, 154 was obtained in 
excellent yield. 

5. By Formation of Two Bonds from [4+2] Atom Fragments 

7-Substituted 6,7-dihydro-l//,3//,5//-pyrido[3,2,l-i,/][3,l]benzoxazines 
(157-159) were prepared from l-(l-benzotriazolyl)-l,2-dihydro-3//- 
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[3,l]benzoxacine (155) with 9-vinylcarbazole (156) and /V-methyl-/V- 
vinylacetamide (Scheme 15) (95JOC3993). 

6. By Formation of Two Bonds from [3+3] Atom Fragments 

The palladium-catalyzed arylation of cyclic enamide 160 with 2- 
iodophenol furnished a ca. 2:1 mixture of 161 and pyrido[l,2-c][l,3] 
benzoxazin-6-one (162) (90JOC2464). 




Scheme 15 
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7. By Formation of Three Bonds from [3+2+1] Atom Fragments 

The reaction of l-cyanomethylene-6,7-dimethoxy-l,2,3,4-tetrahydro- 
quinoline with 35% aqueous formaldehyde in the presence of 2 N NaOH 
at 65°C afforded [l,3]oxazino[4,3-a]isoquinoline (100) (73JHC435). 

8. By Formation of Three Bonds from [2+2+2] Atom Fragments 

[l,3]Oxazino[4,3-a]isoquinolin-2-ones (163) [10LA(374)1; 67JCS(C)1569; 
68AGE826; 71JOC22U; 75JCS(P1)1001] and [l,3]oxazino[3,4-a]quinolin- 
3-ones (164) [06CB968; 65JCS(CC)574; 66JCS(CC)262; 67JCS(C)1569; 
71JOC2211; 75JCS(P1)1001] were prepared in exothermic cycloaddition 
reactions of isoquinolines and quinolines, respectively, with dimethylketene 
[67JCS(C)1569; 71JOC2211] and diphenylketene [68AGE826; 75JCS 
(Pl)1001]. The 6,7-dihydro derivative of 65 was obtained in 17% yield, 
accompanied by other products, in the reaction of 3,4-dihydroisoquinoline 
N-oxide and dimethylketene in ethyl acetate [87JCS(P1)1635]. 



(163) (164) R 2 (165) 


9. Ring Transformations 

Treatment of chloronitro derivative 165 with 2 N NaOH at 75-80°C gave 
pyrido[3,2,l-(/][3,l]benzoxazine-l,3-dione (102) (64M59). 

Ring expansion of 2,2-diphenyl-8-methylperhydroisoxazolo[2,3-a] 
pyridinium salt on the action of NaOH furnished 3,3-diphenylperhydro- 
pyrido[l,2-c][l,3]oxazine in good yield (91G393). 
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10. Miscellaneous 

The Lewis acid-promoted intramolecular cyclocondensation of piperi¬ 
dine epimers (166, R = H) led to the formation of a 2:1 mixture of epimers 
167 (R = H) and 168 with a preference for c/s-fused tricycles (167, R = 
H) (90JOC1447). The 3-methylpiperidine derivative (166, R = Me) gave 
only the ris-fused epimer (167, R= Me). 



Ozonolysis of carbamate 169 and successive workup with dimethyl 
sulfide, followed by cyclization with formic acid, yielded hexahydro-3//- 
[l,3]oxazino[4,3-a]isoquinolin-4-one (170) (85SC883). 


1) 0 3 /Me 2 S 

2) HCOOH 

(169) 70% (170) TBSO ( 171) 

The intramolecular conjugate addition of either a 1:2 mixture of E and 
Z isomers or pure Z isomer of 171 proceeded smoothly with potassium 
fert-butoxide (0.3 equiv) in THF at low temperature (between -20 and 
-58°C) and gave an 8:11 mixture of pyrido[l,2-c][l,3]oxazines (33 and 34) 
in 87% yield (96SL100). 

Intramolecular hetero-Diels-Alder cycloaddition of /V-acylimines 173 
and 178, prepared in situ from an isomeric mixture of methylol acetates 
(172) by heating (81JA7573; 84JA3240) or from chloroformate (177) and 
A-trimethylsilylimines (176) derived from aldehydes 175 (91TL4371), re¬ 
spectively, diastereoselectively afforded only one type of the cycloaddition 
products 174 and 179, containing tram-fused bicycles. 

Treatment of dodecahydro-3,3 '-bi-l//,3//-pyrido[l ,2-c] [ 1,3]oxazines with 
2% sodium amalgam in aqueous acetic acid gave 3-[(2-piperidyl)methyl] 
perhydropyrido[l,2-c][l,3]oxazines [71LA(753)27]. 
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(172) 



(173) (174) 



SiMe 3 J 

(176) 




B. Pyrido[1,2-c][1,3]thiazines and Their Benzo Derivatives 

1. By Formation of One Bond ft to the Bridgehead 
Nitrogen Atom [6+0(ft)J 

Cyclization of 3-(3-butynyl)-4-ethoxy-6,6-dimethyl- and 3-(3-alkenyl)- 
4-ethoxy-6-phenyltetrahydro-l,3-thiazin-2-ones in formic acid at room 
temperature afforded 3,3-dimethylperhydropyrido[l ,2-c] [1,3]thiazine-l ,6- 
dione and ris-3,4a,5,6-//-5-alkyl-7-formyloxy-3-phenylperhydropyrido[l ,2- 
c][l,3]thiazin-l-ones (85T2007). In the latter cases, the reaction proceed 
via a “double chair” transition state (180) containing a phenyl ring in an 
equatorial position. 



2. By Formation of One Bond y to the Bridgehead 
Nitrogen Atom [6+0(y)f 


Heating three TV-substituted 3-(2-hydroxyethyl)-l,2,3,4-tetrahydroiso- 
quinoline-2-thioamides in boiling 6 TV hydrochloric acid gave l-(substituted 
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imino)-l,3,4,4a,5,10-hexahydro[l,3]thiazino[3,4-6]isoquinolines (79GEP 
2848926; 80GEP3017865; 85MIP1). Similarly, l-(2-hydroxyethyl)-l,2,3,4- 
tetrahydroisoquinoline-2-thioamides in boiling ethanol containing hydro¬ 
gen chloride afforded 4-(substituted imino)-l,2,4,6,7,116-hexahydro[l,3]- 
thiazino[4,3-a]isoquinolines [83H(20)1325], whereas l-[bis(hydroxymethyl)- 
methyl]tetrahydroisoquinolines and the mono-O-benzoyl derivative yielded 
1-hydroxymethyl- and l-(benzoyloxy)methyl-4-(substituted imino)- 
1,2,4,6,7,116-hexahydro[l ,3]thiazino[4,3-a]isoquinolines (85GEP3510526; 
90CB803; 93MI2). 

Mixtures of l-(3-chloropropyl)-l,4-dihydro-2/7-[3,l]benzothiazin-2-ones 
or their 3,3-dioxides and anhydrous A1C1 3 were stirred at ambient 
temperature for 30 min, and then at 170-180°C for 1 h, to give 1,5,6,7- 
tetrahydro-37/-pyrido[3,2,l-iy][3,l]benzothiazin-3-ones and their 2,2- 
dioxides [88JAP(K)88/170385]\ 

3. By Formation of Two Bonds from [5+1] Atom Fragments 

l-Iminoperhydropyrido[l,2-c][l,3]thiazine hydrobromides were pre¬ 
pared when 2-(2-hydroxyethyl)piperidines were treated with gaseous 
HBr followed by PBr 3 in carbon tetrachloride, and the 2-(2-bromoethyl) 
piperidines were reacted with thiourea in boiling ethanol [70T3941; 
82OMR(20)239], 

The reactions of 2-(2-mercaptoethyl)piperidines and aldehydes afforded 
perhydropyrido[l,2-c][l,3]thiazines [70T3941; 82OMR(20)239]. In an 
exothermic reaction, l-(2-mercaptoethyl)-l,2,3,4-tetrahydroisoquinoline 
and 40% aqueous formaldehyde yielded l,2,4,6,7,llh-hexahydro[l,3] 
thiazino[4,3-a]isoquinoline [77JCS(P2)370]. The similar reaction with 4- 
nitrobenzaldehyde in boiling benzene furnished the c«-4,llh-H-l-(4- 
nitrophenyl) derivative [760MR(8)258]. 

4. By Formation of Two Bonds from [4+2] Atom Fragments 

l-(Substituted imino)perhydropyrido[l,2-c][l,3]thiazines were obtained 
when 2-(2-hydroxyethyl)piperidine was reacted with aryl and aralkyl isocya¬ 
nates and then the thioureas were cyclized by heating in aqueous 48% 
hydrogen bromide [76IJC(B)770], l,3,4,4a,5,10-Hexahydro[l,3]thiazino 
[3,4-6]isoquinoline-l -thione was prepared when 3-(2-hydroxyethyl)-l,2,3,4- 
tetrahydroisoquinoline was reacted with CS 2 in pyridine in the presence 
of NEt 3 , and the reaction mixture was then treated with mesyl chloride 
(79GEP2848926). Perhydropyrido[l,2-c][l,3]thiazine-l-thione was pre¬ 
pared in 91% yield in the reaction of 2-(2-chloroethyl)piperidine hydrochlo¬ 
ride and CS 2 in DMF in the presence of K 2 C0 3 at room temperature 
(63JOC981). When 2-(2-chloro- or 2-bromoethyl)piperidine hydrohalides 
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were reacted with sodium dimethyldithiocarbamate, only the substitution 
of the halo atom occurred (63JOC981). 3,5,6,7-Tetrahydro-l//-pyrido 
[3,2,1-*;] [3,1 ]benzothiazine-3-thiones and -3-ones were prepared from 8- 
hydroxymethyl-l,2,3,4-tetrahydroisoquinolines by treatment with CS 2 or 
COS in boiling ethanol in the presence of NaOH (87EUP239927). 

5. By Formation of Three Bonds from [2+2+2] Atom Fragments 

Tetramethyl 2,3-dimethoxy-6,lla-dihydropyrido[l,2-c][l,3]benzothia- 
zine-8,9,10,ll-tetracarboxylate was prepared in the reaction of 6,7-dimeth- 
oxy-2//-l,3-benzoxazine and dimethyl acetylenedicarboxylate in diethyl 
ether at 0°C [82H(19)489], 

6. Ring Transformations 

The reaction of l-(substituted imino)-9,10-dimethoxy-l,2,4,6,7,llb- 
hexahydro[l,3]oxazino[4,3-a]isoquinoline with P 4 Si 0 at 150-170°C gave 1- 
(substituted imino)-9,10-dimethoxy-l,2,4,6,7,llb-hexahydro[l,3]thiazino[4, 
3-a]isoquinoline [83H(20)1325; 85GEP3510526; 90CB803], 

3,5,6,7-Tetrahydro-l//-pyrido[3,2,l-i';'][3,l]benzothiazine-l,3-dithione 
was prepared from 3,5,6,7-tetrahydro-l//-pyrido[3,2,l-(/'][3,l]benzoxazine- 
1,3-dione with P 4 Si 0 in boiling pseudocumene (78JHC645). 


C. Pyrido[1,2-c]pyrimidines and Their Benzo Derivatives 

1. By Formation of One Bond a to the Bridgehead 
Nitrogen Atom [6+0(a)J 

Hydrogenation of ethyl A'-[2-(2-pyridyl)ethyl]carbamate in ethanol over 
Raney Ni at 130°C and 120 atm gave perhydropyrido[l,2-c]pyrimidin- 
1-one (67YZ663). Cyclization of ethyl /V-[2-(l,2,3,4-tetrahydro-2- 
quinolyl)ethyl]carbamate at 190-200°C afforded 2,3,4,4a,5,6-hexahydro- 
l//-pyrimido[l,6-n]quinolin-l-one (60YZ1414), whereas that of l-(2- 
benzamidoethyl)-6,7-dimethoxy-3,4-dihydroisoquinoline in boiling toluene 
with phosphoryl chloride led to 4-phenyl-9,10-dimethoxy-6,7-dihydro-2//- 
pyrimido[6,l-n]isoquinoline (63YZ1043). 

Hydrogenation of l-acylamidinomethylene-l,2,3,4-tetrahydroisoquino- 
line (48, R = Me, R 1 - Ph) over Pd/C gave 2-amino-4-phenyl-9,10- 
dimethoxy-6,7-dihydro-4//-pyrimido[6,l-a]isoquinoline via 49 (R = Me, 
R 1 = Ph) (90CB493). When an ethanolic solution of l-[(benzoylamidino) 
methylene]tetrahydroisoquinoline (48, R = Me, R 1 = Ph) was evaporated 
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at atmospheric pressure and the residue was heated for another 0.5 h, 51 
hydrate (R = Me, R 1 = Ph) was obtained (90CB493). When 48 was heated 
in boiling 2% hydrochloric acid, hydrochloride salts of monohydrates of 51 
were obtained (86MIP1). 

2. By Formation of One Bond (3 to the Bridgehead 
Nitrogen Atom [6+0((3jj 

2-Chloro-6,7-dihydro-4//-pyrimido[6,l-a]isoquinolin-4-ones (182) were 
obtained by the cyclization of barbituric acid derivatives 181 
[80GEP2847693; 84EUP124893, 84JMC1470; 86HCA1671; 89H(29)1929], 
Cyclization in PPA afforded 2,4-dioxo-2,3,6,7-tetrahydro-4// derivatives 
(80GEP2847693). 1-Substituted 4-phenyl-4-[2-(A,/V-di(2-propylamino)- 
4,4a,5,6,7,8-hexahydro-3//-pyrido[l,2-c]pyrimidin-3-ones were prepared 
by the cyclization of a-(l-acyl-2-piperidyl)-a-phenyl-a-[2-(iV,A-di(2- 
propylamino)ethyl] acetamides with powdered potassium hydroxide in boil¬ 
ing acetone or DMSO (87EUP215477). 

Cyclization of l-[jV-(un)substituted amino(thio)carbonyl]-2-[phenyl 
(methoxycarbonyl)methyl]piperidines in boiling ethanol containing hydro¬ 
gen chloride gave 4-phenyl-2-(un)substituted perhydropyrido[l,2-c] 
pyrimidine-1,3-diones (64JMC146). 

Cyclization of Reissert compound 183 furnished pyrimido[l,2-c] 
quinazolin-4-one (184) (89JHC1357). 


Cl 

50% NaOH 
DMF / 0°C 

(183) 

Cyclization of 2-aryl-2-(2-piperidinyl)acetamide (185) in the presence 
of KOH afforded 1-substituted 4,4a,5,6,7,8-hexahydro-3//-pyrido[l,2-c] 
pyrimidin-3-ones (108) (85JMC1285). 

3. By Formation of One Bond y to the Bridgehead 
Nitrogen Atom [6+0(y)] 

Cyclization of alkyl 2-[l-amino(thio)carbonyl)-2-piperidyl]acetates 
under acidic or basic conditions gave 1,3-dioxo- and l-thioxo-3- 




(184) 
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oxoperhydropyrido[l,2-c]pyrimidlines (56CB1642; 64JMC146). 2,4- 

Dioxo- and 2-oxo-4-thioxo-l,3,4,6,7,llh-hexahydro-2//-pyrimido[6,l-a] 
isoquinolines [69UC684, 69YZ649; 71JAP71/09467; 75MI1; 76UC(B)784] 
were prepared similarly. 2-Substituted 4-phenyl-l,3-dioxo- and l-thioxo-3- 
oxoperhydropyrido[l,2-c]pyrimidines could be prepared similarly in one- 
pot reactions, when aryl iso(thio)cyanates were reacted with methyl 
2-phenyl-2-(2-piperidinyl)acetate, and the reaction products were subse¬ 
quently cyclized without isolation (64JMC146). Cyclization of a-(l-amino- 
carbonyl-2-piperidyl)-a-phenyl-a-[2-(7V,7V-di( 2-propyl)amino)ethyl]aceto- 
nitrile and its 7V-[2-(3,4-dimethoxyphenyl)ethyl]-substituted derivatives in 
the presence of sodium hydride in boiling tetrahydrofuran gave 3-amino- 
4,4a,5,6,7,8-hexahydro-l//- and 2-substituted 3-iminoperhydropyrido[l,2- 
c]pyrimidin-l-ones, respectively (87USP4680295). 

Cyclization of 6,7-diethoxy-2-propylaminocarbonyl-l,2,3,4-tetrahydro- 
isoquinoline-l-acetonitrile by NaOMe in boiling methanol afforded 9,10- 
dimethoxy-2-imino-3-propyl-l,2,4,6,7,llh-hexahydropyrimido[6,l-a]iso- 
quinolin-4-one (95S863). 

l-Aryl-3,4,5,6-tetrahydro-2//-pyrimido[6,l-a]isoquinoline-2,4-diones (187) 
were obtained from l-arylidene-2-ethoxycarbonylaminocarbonyltetrahy- 
droisoquinolines (186) (84T4003). 



Heating 3-[(3-benzyl-6-(un)substituted-l,2,3,4-tetrahydroquinazolin- 
l-yl)]propionic acids in PPA at 100°C resulted in 2-benzyl-l,2,3,5,6,7- 
hexahydropyrido[3,2,l-//]quinazolin-7-one. When the cyclization was 
carried out in the presence of acetic acid, the 9-acetyl derivative was prod¬ 
uced (72MI1). 

Treatment of l-cyanomethyl-2-[(propylamino)carbonyl]-6,7-dimethoxy- 
1,2,3,4-tetrahydroisoquinoline with sodium methoxide in boiling methanol 
afforded 2-imino-3-propyl-9,10-dimethoxy-l,2,3,6,7,116-hexahydro-4//- 
pyrimido[6,l-a]isoquinolin-4-one (95S863). 
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4. By Formation of Two Bonds from [5+1] Atom Fragments 

Perhydropyrido[l,2-c]pyrimidines and their -1-ones and -1-thiones were 
prepared from the appropriate 2-(2-piperidyl)ethylamines or their N- 
substituted derivatives by treatment with aldehydes [59CB637; 62JOC1970; 
67YZ663; 69JHC181; 70T701; 71JAP71/16753; 730MR(5)397; 90TL4543], 
Et 2 C0 3 (62JOC1970), or CS 2 (62JOC1970; 71JMC878; 72USP3631046; 
74USP3772230; 75USP3868372), respectively. When cyclohexanone was 
used, a 1,1-spiro derivative of perhydropyrido[l,2-c]pyrimidine was ob¬ 
tained (67YZ663). Similarly, 2-methyl-2,3,4,4u, 5,6-hexahydro-1//- 
pyrimido[l,6-a]quinoline [79JCS(P2)581], 1,3,4,5,6,7,11 b-hexahydro-2//- 
pyrimido[6,l-a]isoquinolines (59YZ1008; 78FES237; 90KGS1665; 95MI4), 
and their -4-ones (77SAP77/06706; 78GEP2720085; 81FRP2470130; 
84JMC1470, 84USP4482556; 95MI4) were prepared from the appropriate 
2-(l,2,3,4-tetrahydroquinolin-2-yl)- and 2-(l,2,3,4-tetrahydroisoquinolin-l- 
yl)ethylamines. 1-Substituted 4,4a,5,6,7,8-hexahydro-3/7-pyrido[l,2-c] 
pyrimidines were obtained from the reactions of 2-(2-piperidyl)ethylamine 
and imino ester hydrochlorides in boiling ethanol (67YZ663). 2-(l,2,3,4- 
Tetrahydroisoquinolin-l-yl)ethylamine and triethyl orthoacetate reacted in 
boiling butanol to afford 4-methyl-l,6,7,llb-tetrahydro-2//-pyrimido[6,l- 
a]isoquinoline (90KGS1665). 

4-Phenyl-4-{[7V,iV-di(2-propyl)amino]ethyl}perhydropyrido[l,2-c]pyrimi- 
dine-l,3-dione was obtained in the reaction of a-phenyl-a-{[7V,A-di(2-pro- 
pyl)amino]ethyl}-2-piperidineacetamide and l,l'-carbonyldiimidazole in 
the presence of sodium hydride (87USP4680295). 6-Dialkylamino- 
l,2,3,5,6,7-hexahydropyrido[3,2,l-y]quinazolin-3-ones were prepared via 
the reaction of 8-aminomethyl-3-(alkylamino)-l,2,3,4-tetrahydroquinoline 
and 1,1'-carbonyldiimidazole in THF (90MIP2; 92JMC1076). 

The reactions of 2-piperidineacetamides with aqueous formaldehyde 
[68BRP1114397; 72JCS(P2)1920] or with N, A-dimethylcarboxamide dialkyl 
acetals (84EUP104647; 85JMC1285) gave perhydro- or 4,4a,5,6,7,8- 
hexahydro-3//-pyrido[l,2-c]pyrimidin-3-ones, respectively. Reaction of 1- 
chlorocarbonyl-2-[l-cyano-l-phenyl-3-{[A/,A-di(2-propyl)amino]propyl} 
piperidine with ammonium hydroxide or primary amines at 80°C afforded 
4-phenyl-4-{[2,/V,/V-di(2-propyl)amino]ethyI}-3-amino-4,4a,5,6,7,8-hexa- 
hydro-1//- and 3-iminoperhydropyrido[l,2-c]pyrimidin-l-ones, respectively 
(87USP4680295). 1,3-Dioxo- and 3-oxo-l-thioxo-2,3-dihydro-l//-pyrido 
[l,2-c]pyrimidines were obtained in the reactions of 2-(2-pyridyl)acetamides 
with Et 2 C0 3 and CSC1 2 , respectively (57HCA1319). l,3,4,6,7,lli>-Hexahy- 
dro-2//-pyrimido[6,l-fl]isoquinolin-2-ones were produced when /V-substi- 
tuted 2-(l,2,3,4-tetrahydroisoquinolin-l-yl)acetamides were treated with al¬ 
dehydes [61JMC505; 62USP3021331; 77JCS(P2)370; 90JHC957], 
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5,6,7,8-Tetrahydro-l//-pyrido[l,2-c]pyrimidines 189 and -1-one 190 were 
prepared from cyclic aminoazadienes 188 by reaction with aldehydes 
and triphosgene, respectively (92SL563). 4-Cyano-5,6,7,8-tetrahydro-3/7- 
pyrido[l,2-c]pyrimidin-3-one and its 1-methyl and 5-dimethylaminomethylene 
derivatives were prepared in the reactions of 2-[cyano(aminocarbonyl)- 
methylene]piperidine with triethyl orthoformate in acetic anhydride with 
JV,/V-dimethylacetamide diethyl acetal, or with /V,/V-dimethylformamide di¬ 
ethyl acetal (80KGS416, 80KGS1120; 82KGS518). 

The reactions of l-aminocarbonylmethylene-3,4-dihydro- and 1,2,3,4- 
tetrahydroisoquinolines with 7V,jV-dimethylcarboxamide diethyl acetals, 
triethyl orthoformate, and diethyl carbonate yielded 6,7-dihydro-2//- 
pyrimido[6,1 -a]isoquinolin-2-ones [81KFZ(5)44; 82KGS1095; 84JMC1470] 
and 9,10-dimethoxy-3,4,6,7-tetrahydro-2//-pyrimido[6,l-fl]isoquinoline- 
2,4-dione (84JMC1470), respectively. A mixture of l-ethoxycarbonyl-9,10- 
dime thoxy-3,4,6,7-tetrahydro-2//-pyrimido[6,l-n]isoquinoline-2,4-dione 
and l-[cyano(ethoxycarbonyl)methylene]-l,2,3,4-tetrahydroisoquinoline 
was obtained when 6,7-dimethoxy-l-aminocarbonylmethylene-l,2,3,4- 
tetrahydroisoquinoline was reacted with ethyl chloroformate in methylene 
chloride in the presence of pyridine (84JMC1470). 

l-Aryl-9-methoxy-l, 2,3,5,6,7-hexahydropyrido[3,2,l-/;']quinazolin-3- 
ones were prepared from l-aminocarbonyl-6-methoxy-l,2,3,4-tetrahy- 
droquinoline on treatment with aromatic aldehydes in boiling benzene in 
the presence of methanesulfonic acid (73USP3709887). 

3-Methyl-5-methoxy-2-phenyl-2,4a,5,6,7,8-hexahydro-l//-pyrido[l,2-c] 
pyrimidine-1-thione was obtained in the reaction of 2-acetonyl-3- 
methoxypiperidine and phenyl isothiocyanate in boiling methylene chlo¬ 
ride (55JOC136). 

Reductive alkylation of 3-(2-nitro-l-hydroxyethyl)isoquinoline over Pd/ 
C in the presence of hydrogen and acetone afforded a mixture of 1,1- 
dimethyl-4-hydroxy-23,4,4a,5,10-hexahydro-l//-pyrimido[l,6-fe]-fe]isoquino- 
line and 3-[l-hydroxy-3-(/V-isopropylamino)propyl]-l,2,3,4-tetrahydroiso- 
quinoline (72JMC49). 

Heating 2-(2-pyridyl)benzodiazonium tetrafluoroborate in a nitrile at 
80°C gave 6-substituted pyrido[l,2-c]quinazolinium tetrafluoroborates 
(72GEP2043665). 
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The reactions of iminophosphorane ( 191 , R = H, R 1 = COOEt) with 
aryl isocyanate, C0 2 , CS 2 , and aroyl chloride gave pyrido[l,2-c]pyrimidines 
192 , 193 , and 194 (R = H, R 1 = COOEt), respectively (92T4601). The 
similar reactions of iminophosphorane 191 [R = R 1 — (CH=CH) 2 -] af¬ 
forded tricyclic pyrido[l,2-c]quinazolinium derivatives 194 , [R = R 1 = - 
(CH = CH) 2 -] and 195 . 

5. By Formation of Two Bonds from [4+2] Atom Fragments 

Perhydropyrido[l,2-c]pyrimidine-l,3-diones were prepared in 
the reaction of alkyl 2-piperidineacetate with ethyl urethane in diethyl 
ether in the presence of sodium (56CB1642), by heating with KOCN in 
hydrochloric acid (59CB637; 64JMC146). l-Thioxoperhydropyrido[l,2-c] 
pyrimidin-3-one was obtained when ethyl 2-piperidine acetate was reacted 
with KSCN in acidified ethanol (59CB637). Reaction of methyl 2-piperidyl 
acetate with aryl isocyanates yielded 2-arylperhydropyrido[l,2-c]pyrimidine- 
1,3-diones (94GEP4225629). 2-Phenyl-l-thioxo- and 2,4-diphenyl-l- 
thioxoperhydropyrido[l,2-c]pyrimidin-3-ones were prepared in the reac¬ 
tions of 2-piperidineacetic acid (75CJC41) and its 2-phenyl-substituted 
methyl ester derivative (64JMC146) with alkyl or aryl iso(thio)cyanates. 
Reaction of ethyl cyclohexylideneacetate and cyclohexylidenemalononi- 
trile with iso(thio)cyanates afforded 2-substituted 2,3,5,6,7,8-hexahydro- 
1 //-pyridof 1,2-c]pyrimidine-l,3-diones [87CR(305)441] and 2-substituted 
4-cyano-3-imino-2, 3,5,6,7,8-hexahydro-l//-pyrido[l,2-c]pyrimidin-l-ones 
(78MI1; 90MI3), respectively. In the latter cases the 3-imino group was 
acylated when an excess of isocyanates was applied (78MI1). 2,4-Dioxo- 
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and 2-oxo-4-thioxo-l,3,4,6,7,116-hexahydro-, 2-oxo-4-amino- and 2-oxo-4- 

substituted l,6,7,116-tetrahydro-2//-pyrimido[6,l-a]isoquinolines we re pre¬ 
pared in the reactions of 2-(6,7-dialkoxy-l,2,3,4-tetrahydroisoquinolin-l- 
yl)acetates or -acetic acids with urea, KOCN, and (o>-chloroalkyl)iso- 
cyanates, with phenyl isothiocyanate, 5-methylisothiourea, and imino 
ethers, respectively [59YZ1008; 69IJC684; 76IJC(B)784; 79IJC(B)277; 
84JHC149; 95S863], 

2-Acyl-2,3-dihydro-l//-pyrido[l ,2-c]pyrimidin-4-ones were obtained 
when 2-vinylpyridine was reacted with acyl isocyanates (75IZV2608). 
Cyclocondensation of 3-methoxy-2-(2-oxopropyl)piperidine and phenyl 
isothiocyanate in boiling ethylene dichloride afforded 3-methyl-5-meth- 
oxy-2-phenyl-2,4 a, 5 , 6 , 7 , 8-hexahydro- l//-pyrido[ 1,2-c jpyrimidine-1 -thione 
(55JOC136). 

The reaction of 2-phenyl-5(4//)-oxazolone and 4-[2-(£)-dimethyl- 
aminoethenyl]-6-methyl-2-methoxypyrimidine in boiling acetic acid 
afforded 7-benzamido-3-methyl-l-methoxy-8//-pyrido[l,2-c]pyrimidin-8- 
one (91BSB533). 

The reaction of l-(2-methyl-3-furyl)-6,7-dimethoxy-3,4-dihydroisoquino- 
line with phenyl isocyanate gave an E-Z mixture of 3,4,6,7-tetrahydro-2//- 
pyrimido[6,l-a]isoquinolin-4-one ( 132 ) (86CB2553). 

6. By Formation of Two Bonds from [3+3] Atom Fragments 

l-Imino-l//-pyrido[l,2-c]pyrimidines ( 196 ) were prepared via the reac¬ 
tions of 2-pyridineacetonitriles and 2-pyridineacetates with dimethyl cya- 
noamidedithiocarboxylate and 0-ethyl and O-ethyl-S-methyl cyanoamide- 
dithiocarboxylate (74CPB2765; 75YZ13; 78YZ623). 



A = U, O '-I'* 

R 1 = H, CXNHR 2 


Horner-Witting reaction of the succinate (197) with 4-formylpyrimidine 
led to ethyl 8-oxo-8//-pyrido[l,2-c]pyrimidine-6-carboxylate (80LA542). 

Cycloaddition of 2-(dicyanomethylene)piperidine with iso(thio) 
cyanates afforded 3-imino-4-cyano-2,3,5,6,7,8-hexahydro-l//-pyrido[l,2- 
c]pyrimidin-l-ones or -1-thiones ( 198 , R 1 = H, X = O or S) (78MI1). When 
excess iso(thio)cyanate was applied, the 3-imino group also reacted to give 
198 (R 1 = CXNHR 2 ). 
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The reaction of ethyl 2-(l,2,3,4-tetrahydroisoquinolin-l-yl)acetate 
hydrochloride with potassium cyanate in boiling water gave 2,3,4,6,7,116- 
hexahydro-l//-pyrimido[6,l-a]isoquinoline-2,4-dione (69IJC684). 3,4,6,7- 
Tetrahydro-2//-pyrimido[6,l-fl]isoquinoline-2,4-dione and its 2-thioxo de¬ 
rivative were prepared in the reactions of l-methyl-3,4-dihydroisoquinoline 
with benzoyl isocyanate and ethoxycarbonyl isothiocyanate, respectively, 
in the presence of NEt 3 (75CB1541). 

Cyclocondensation of 2-(arylamino)quinolines with bis-(2,4,6-trichloro- 
phenyl) 2-substituted malonates at 200-250°C afforded 2-aryl-4-substituted 
2,3-dihydro-l//-pyrimido[l,6-a]quinoline-l,3-diones (83M227). 

7. By Formation of Three Bonds from [2+3+2] Atom Fragments 


The reaction of 2,4-dimethylquinazoline and dimethyl acetylenedicarbox- 
ylate gave the 1:2 and 1:3 adducts 201 and 202 [68JCS(C)926]. It was 
suggested that pyrimido[l,6-a]quinoline (201) was produced from the 
initially formed pyrido[l,2-c]quinazoline ( 199 ) via the 10-membered sys¬ 
tem 200. 



8. By Formation of Three Bonds from [3+2+1] Atom Fragments 


The reaction of 2-(2-phenethyl)quinoline with 2 mol phenyl isocyanate 
at 180°C for 2 h gave 4-benzyl-2-phenyl-2,3-dihydro-l//-pyrimido[l,6-a] 
quinoline-1,3-dione (83M227). 
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9. By Formation of Four Bonds from [3+1+1+1] 

Atom Fragments 

l-Cyanomethylene-6,7-dimethoxy-l,2,3,4-tetrahydroisoquinoline reacted 
with 2 mol formaldehyde and 1 mol primary amines, hydroxylamine, or 
acylhydrazide to give 3-substituted l-cyano-9,10-dimethoxy-3,4,6,7-tetrahy- 
dro-2//-pyrimido[6,l-a]isoquinolines (73JHC435; 81CB61; 84MI3). cis- 
1,1 1£>-11-1-Phenyl-3-substituted 2,3,4,6,7,llb-hexahydro-17/-pyrimido[6,l- 
fl]isoquinolines were prepared in the reaction of l-benzyl-3,4-dihydroiso- 
quinoline, primary amines, and 2 mol formaldehyde followed by treatment 
with sodium borohydride (93PHA941; 95MIP3). 

10. By Formation of Four Bonds from [2+2+1 +1] 

Atom Fragments 

From the reaction mixtures of pyridines (203) and imidoyl chlorides 
(204) in the presence of a large excess of isonitriles (205), the pyrido[l,2- 
c]pyrimidium chlorides (206) and the imidazo[l,5-a]pyridinium salts (207) 
could be isolated (93TL2319). The yields of 206 were higher when R 1 and 
R 2 were isopropyl groups. 


SMe 



11. Ring Transformations 

Treatment of 4-(2-hydroxyethylpiperido)pyrimidine (208) with PC1 3 
and then with H 2 0 yielded 2-acetylpyrido[l,2-c]pyrimidine (209) 
[74JCS(P1)1611]. 
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(208) ( 209 > 


When 1,3-oxazinium perchlorates (210) were heated in DMF in the pres¬ 
ence of Ac 2 0, pyrido[l,2-c]pyrimidinium perchlorates (211) were formed 
(91KGS1556). 




(215) 


8//-Pyrido[l,2-c]quinazolin-8-ones (215) were obtained from the cycload¬ 
ducts (214) of anhydro 3-hydroxythiazolo[3,2-c]quinazolin-4-ium hydrox¬ 
ides (213) and alkynic (dimethyl acetylenedicarboxylate and ethyl propio- 
late) and alkenic dipolarophiles (fumaronitrile and methyl vinyl ketone) 
by extrusion of S or H 2 S (85JOC1666). A better yield could sometimes be 
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achieved when quinoxalines (212) were cyclized to 215 in the presence of 
a dipolarophile. 



The regiospecificity of the rearrangement of benzo[a]quinolizidines (216) 
to pyrimido[6,l-a]isoquinolin-4-ones (218) via tetracyclic intermediates 
(217) on the action of 2,2,2-trifluoroethylamine is governed by stereoelec- 
tronic factors (82TL2829; 83JOC5074; 84USP4454319). Although triethyl- 
amine gave the same products, no reaction occurred with pyridine and 
dimethylaniline. 



The hydrogenation of l-[(l,2,4-oxadiazol-3-yl)methyl]-6,7-dialkoxy-3,4- 
dihydroisoquinolines over Pd/C or Raney Ni in acidified ethanol gave hy¬ 
drochloride salts of pyrido[6,l-a]isoquinoline monohydrates (51) (86MI1; 
87CB1039). 

Ring transformation of mesoionic pyrimido[l,2-a]quinoline-l,3-diones 
(219) in 2,4,6-trichlorophenole at 240°C afforded pyrimido[l,6-a]quinoline- 
1,3-diones (220) (83M227). 

l,3-Dimethyl-6,7,8,9-tetrahydropyrido[l,2-c]pyrimidinium-4-carboxylate 
was obtained by both the photochemical rearrangement of 2-methyl-6,7,8,9- 
tetrahydro-4//-pyrido[l,2-a]pyrimidin-4-one in acetic acid (83TL5237; 
87JOC2455) and the acidic hydrolysis of 7-(aminoethylidene)-6-methoxy- 
8-oxo-l-azabicycl[4.2.0]octane in a mixture of benzene and acetic acid 
(87JOC2455). 

The reactions of l-[(6-methyl-5-methylthio-4-oxo-4//-l,3-oxazin-2-yl)- 
methylene] 1,2-dihydroisoquinoline with secondary amines or with ethanolic 
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KOH furnished 2-amino- and 2-hydroxy-4//-pyrimido[6,l-a]isoquinolin-4- 
ones (80YZ1261). 

Photochemical transformation of the cycloalkane-annulated pyridinium- 
jV-aminide 221 afforded pyrido[3,2,l-y]quinazolin-3-one 222 (88CB411). 
Photolysis of thiobarbiturates (223) gave l-thioxo-3-oxo-hexahydropyr- 
ido[1,2-c]pyrimidines (224) [96H(42)117], 

The reader is also referred here to Section III,A,5. 



1 

S' hv/N 2 

AM 

m Me 

R = H, Ph, 

(223) 



(224) 


12. Miscellaneous 

From the reaction products of the palladium(II)-catalyzed aminocarbon- 
ylation of unsaturated ureas (225), perhydropyrido[l,2-c]pyrimidine-l,3- 
diones (226) could be isolated, among other substances (88JA3994, 
88JOC5731). Treatment of 227 with trifluoroacetic acid in methylene chlo¬ 
ride at ambient temperature for 2 h afforded l-oxoperhydropyrido[l,2- 
c]pyrimidine-8-carboxylates (137) (96JMC1872). 



Treatment of tricyclic compound (228) with phenylmagnesium bromide 
gave an allylic sulfoxide, which underwent a stereospecific [2,3]-sigmatropic 
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rearrangement yielding perhydropyrido[l,2-c]pyrimidin-l-one (229) 
(93SL551). 



(228) (229) 


Ureas 230 were cyclized to 1,2,3,6,7,11 b-hexahydro-4//-pyrimido[6,l- 
a]isoquinolin-4-ones 231 on the action of diisobutylaluminium hydride 
followed by treatment with formic acid [84S1071; 85H(23)2907]. From 
230 (R = R 1 = H, R 2 = Me, R 3 = R 4 = valence bond), a diastereomeric 
mixture of 231 (R = R 1 = R 4 = H, R 2 = H, Me, R 3 = Me, H) was obtained 
(84S1071). Cyclization of carboxamides (232) in boiling POCl 3 resulted in 
4-aryl-9,10-dimethoxy-6,7-dihydro-2//-pyrimido[6,l-a]isoquinolines 
(51JPJ1007; 55JPJ709, 55CPB253; 61MI1; 63YZ1043). 



R = CH 2 Ph; R 1 = H, Ar; R 2 = R 3 = H, R 4 = H, Me 
R = R 1 =H, R 2 = Me, R 3 = R 4 = valence bond 


From the incubated reaction mixture of benzylamine and butyraldehyde 
or 2-ethyl-2-hexenal in the presence of dissolved oxygene in a mixture of 
90% methanol 0.1 M phosphate buffer at 37°C for 48 h, 2-benzyl-l-phenyl-6- 
propyl-4,5,7-triethyl-2,3,5,6,7,8- and -2,4a,5,6,7,8-hexahydro-l//-pyrido[l,2- 
c]pyrimidines could be isolated (89MI2). 


V. Applications and Important Compounds 

A. Pyrido[1,2-c][1,3]oxazines and Their Benzo Derivatives 

Pyrido[l,2-c][l,3]oxazines are used as intermediates in the total syntheses 
of anhydrocannabisativene (84JA3240), (+)-4-hydroxysedamine and (+)- 
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4-hydroxyallosedamine (85T2891), (-)-3-hydroxyallosedamine (87T935), 
(±)-lupinine [90H(30)885], (±)-sedridine (91TL4371), (-)-sedamine 
(93JOC5035), (-)-porantheridine (93JA8851), and (-)-sedacryptine 
(96SL100)alkaloids. Pyrido[l,2-c][l,3]oxazines were often applied to justify 
the stereochemistry of 2-(2-hydroxyalkyl)piperidines [56CLY1180; 
68T4423; 71T2055; 78TL4647; 83H(20)601; 85H(23)831; 88TL1691; 
89TL1947; 91T3805; 95TA2149]. [l,3]Oxazino[3,4-a] quinolines were used 
in the stereoselective synthesis of (±)-perhydrogephyrotoxin alkaloid 
[80JA1454; 84JCS(CC)597; 84TL3247; 86CPB2380]. 

CNS activities of tram-4,4a-H-l-imino-4-phenylperhydropyrido[l ,2- 
c][l,3]oxazine were investigated (80MI1). Antitumor activity of 11- 
methoxy-1,2,4,6,7,116-hexahydro[l,3]oxazino[4,3-u]isoquinoline was inves¬ 
tigated [94JAP(K)94/41142, 94T6259]. l[4-(Hexadecyloxy)phenyl]perhy- 
dropyrido[l,2-c][l,3]oxazine was patented as fading prevention compound 
for colored photographic material [88JAP(K)88/149643]. 1-Isopropylidene- 
4,4-dimethyl-l ,3,4,4a-tetrahydro[l ,3]oxazino[3,4-a]quinolin-3-one was in¬ 
vestigated as an antiplasticizer for biphenol polycarbonates and was pat¬ 
ented as a stiffening agent (66MI1; 67MI1; 68USP3386935; 71USP3625877). 

9-Fluoro-10-(cyclic amino)-7-oxo-l//,3//,7//-pyrido[3,2,l-t/][3,l]benzox- 
azine-6-carboxylic acids exhibit antibacterial activities (90EUP373531). The 
dopaminergic (D2) and serotonergic (5 HTi A ) activities of 6-(di-n-propy- 
lamino)-6,7-dihydro-l//,3//,5//-pyrido[3,2,l-i;][3,l]benzoxazin-3-one were 
measured (92JMC1076; 93MI4). 


B. Pyrido[1,2-c][1,3]thiazines and Their Benzo Derivatives 

Certain types of l-(substituted imino)-l,3,4,4n,5,10-hexahydro[l,3] 
thiazino[3,4-hjisoquinolines, 1-hydroxymethyl-1,2,4,6,7,llh-hexahydro 

[l,3]thiazino[4,3-u]isoquinoline-4-(thi)ones, and l,5,6,7-tetrahydro-3//- 
pyrido[3,2,l-i/][3,l]benzothiazine-3-(thi)ones are patented as analgesics, 
anti-inflammatories, and antipyretics (79GEP2848926; 80GEP3017865; 
85GEP3510526) and as agrochemical fungicides [87EUP239927; 
88JAP(K)88/170385]. 


C. Pyrido[1,2-c]pyrimidine and Their Benzo Derivatives 

2 - [3 - (1,3 - Dioxolan -1 -yl)propyl)]perhydropyrido[ 1,2-c]pyr imidin - 3 - one 
was used in the preparation of racemic tetraponerines T4 and T8 alkaloids 
(90TL4543). Actisomide, an antiarrhythmic agent (18), has been introduced 
into human therapy (85JMC1285; 87MI1; 88MI1). 2-(2-Fluoro-4-chloro-5- 
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propargyloxy)perhydropyrido[l,2-c]pyrimidin-2-one was patented as a pro- 
toporphyrinogen oxidase inhibitor (94USP5298502). 

1- Aryl-3,4,6,7-tetrahydro-2//-pyrimido[6,l-a]isoquinolin-2,4-diones are 
useful precursors in the synthesis of the pyrimidoaporphine nucleus 
(84T4003). 6-( N, (V-Dipropylamino)-l ,2,3,5,6,7-hexahydropyrido [3,2,1-y]- 
quinazolin-3-one exhibits selective serotonin (5HT 1A ) agonist activity 
(92JMC1076; 93JMC1301, 93MI4; 95JMC1295). Representatives of broad- 
spectrum antibacterials, carbapenems contain 5,6,7,8-tetrahydropyrido[l,2- 
cjpyrimidinium moieties (86EUP168707, 86EUP169410). 

Trequinsin (19) was under clinical investigation as a very potent antihy¬ 
pertensive peripheral vasodilator having platelet aggregation inhibitory 
properties (82MI1; 84JMC1470; 87MI3). Trequinsin (19) was claimed to 
be useful in the treatment of alopecia (89GEP3816995; 90EUP370379). Its 
biological properties were intensively investigated [81MI1; 84MI1, 84MI2, 
84MI4; 85JMC1285, 85MI1; 86MI1, 86MI2, 86MI3; 87MI1, 87MI2, 87MI4, 
87MI5, 87MI6, 87MI8; 88AF240, 88MI2; 89MI1; 90BJ(266)127, 90MI1, 
90MI2; 91MI1, 91MI2, 91MI3; 92JBC(267)1798, 92MI1, 92MI2, 92PHA46; 
93MI5; 94JBC30676; 95MI1, 95MI2, 95MI3, 95MIP1, 95MIP2; 

96GEP4430128]. 

2- Dodecyl- and 2-ethylperhydropyrido[l,2-c]pyrimidines were patented 
as fading prevention compounds for colored photographic material 
[88JAP(K)88/149643]. 
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I. Introduction 

This review covers the following groups of heterocycle-fused acridines: 
pyridoacridines, pyranoacridines, pyrroloacridines, thienoacridines, and 
furoacridines. 

Heterocycle-fused acridines possess a variety of biological activities, in¬ 
cluding Ca 2+ releasing, antiviral (e.g., anti-HIV), antimicrobial (e.g., anti- 
amebic and antiplasmodium) and antitumor properties. They are also en¬ 
zyme inhibitors (e.g., topoisomerase II inhibitors and protein tyrosine 
kinase inhibitors) and have DNA-intercalation and metal-chelating prop¬ 
erties. 


II. Pyridoacridines 

Depending on the ring fusion, pyridoacridines can be classified into 
the following main classes: pyrido[a]acridines (benzo[;']phenanthrolines), 
pyrido[b]acridines, pyrido[c]acridines (benzo[b]phenanthrolines), and pyr- 
ido[W]acridines (dibenzo[/,y][2,7]naphthyridines). 



A. PYRIDO[fl]ACRIDINES (BENZO[/]PHENANTHROLINES) 

The pyridine ring is fused at bond a of the acridine. Depending on the 
position of the nitrogen in the fused pyridine ring, four different types of 
pyrido[a]acridines are possible. 

1 . Pyrido[2,3-a]acridines (Benzo[j][l,7]phenanthrolines) 

Dobson et al. (48JCS123) constructed this ring system by using the 
Ullmann-amine coupling reaction between 7-aminoquinoline 1 and potas¬ 
sium 2,4-dichlorobenzoate, followed by cyclization of the resultant diaryl- 
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Scheme 1. (a) Cu bronze, amyl alcohol, 150°C, 6 h; (b) POCI3/PCI5,150°C, 6 h; (c) diethyl- 
aminopropylamine, phenol, 100°C, 2 h. 


amine 2 with a mixture of POCl 3 and PC1 5 (Scheme 1). The pyridoacridine 
3 was then converted to a potential antimalarial compound 4, but poor 
activity was observed. 

Gordon et al. (90MI1) obtained a triquinobenzene 5 from a two-step 
reaction between 1,3,5-tribromobenzene and anthranilic acid. The reaction 
involved three Ullmann-amine couplings followed by intramolecular acy¬ 
lations. 



5 

Reisch et al. (93JHC1469) obtained quino[u]acridone 6 as the main prod¬ 
uct from the condensation of phloroglucinol and 6-methylanthranilic acid 
(Scheme 2). The synthesis of similar quino[a]acridones from phloroglucinol 
and anthranilic acids has been reported in patents (35FRP771486). 

The condensation product 7 of m-phenylenediamine and 2-formylcy- 
clohexanone, on treatment with polyphosphoric acid (PPA), gave the 
octahydrobenzophenanthroline 8, which, on dehydrogenation, afforded 
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quino[a]acridine 9 (Scheme 3) (74IJC1230). A rearrangement prior to cy¬ 
clodehydration is involved. The synthesis of similar compounds from 
1,3-diiodobenzene and 2-acylanilines, using the Ullmann-amine coupling 
reaction followed by cyclization, has been reported by Hellwinkel and 
Ittemann (85LA1501). 

In an attempted reaction toward a pyrido[2,3,4-/c/]acridine, Gellerman 
et al. (92TL5577) isolated a pyrido[2,3-a]acridine 11 from an acid-catalyzed 
reaction between l-amino-4-methylacridin-9(10//)one 10 and acetylace- 
tone (Scheme 4). 

2 . Pyrido[3,2-aJacridines (Benzo[j][4,7Jphenanthrolines) 

12-Chloropyrido[3,2-a]acridines 12 were prepared by the route described 
in Scheme 1, but with 6-aminoquinolines instead of 7-aminoquinoline 
(46JCS151; 47JCS678). The chloroderivatives 12 were then converted to 
potent antimalarial agents with dialkylaminoalkylamines or alkylaminoal- 
kylamines in phenol at 100°C. 



Scheme 3. (a) EtOH, rt, 65%; (b) PPA, 160-170°C, 2 h, 40%; (c) Se, 300°C, 6 h, 58%. 
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10 11 

Scheme 4. (a) AmOH, H + , 130°C, 1.5 h, 40%. 



R'=H, Cl R 2 = H, Cl, Me 


12 13 14 R=Me 

15 R=H 


The double Ullmann-amine coupling of p-phenylenediamine with 2- 
chlorobenzoic acid followed by two acid-catalyzed Friedel-Crafts acyl¬ 
ations afforded quino[3,2-u]acridone 13 (52JCS1874). A similar regioselec- 
tivity was observed when 1,4-diiodobenzene was coupled with aminoaceto- 
phenone and the resultant diketone was treated with H 2 S0 4 to give 
quino[3,2-a]acridine 14 (85LA501). The quino[3,2-a]acridine 15 was ob¬ 
tained after dehydrogenation of the minor product from p-phenylenedi- 
amine and 2-formylcyclohexanone (see Section II,B,1 on pyrido[2,3-b]acri- 
dines) (74IJC1324). 

We have prepared pyrido[3,2-n]acridines, 20 and 21 (96TH1), by Lewis 
acid-catalyzed cyclization of enamines 18, formed by the condensation of 
6-aminoquinoline 16 with 2-cyano- 17a (Z = CN) or 2-ethoxycarbonylcyclo- 
hexanone 17b (Z = C0 2 Et), to give the tetrahydropyrido[2,3-a]acridines 
19. Oxidation of these tetrahydro derivatives, with palladium on charcoal, 
gave the fully aromatic systems 20 (Scheme 5). Oxidation of the amino 
derivative 19a also resulted in the formation of some of the deaminated 
product 21. 
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21 

Scheme 5. a X = NH 2> b X = OH. (a) PhCH 3 , reflux; (b) A1C1 3 , 190°C; (c) Pd-on- 
C, 270-300°C. 


The synthesis of some hexa- and heptacyclic molecules 24 and 25 contain¬ 
ing a pyrido[3,2-a]acridine nucleus has been reported, the principal step 
being the ring closure of anthraquinone-derived precursors 22 and 23 
(Scheme 6) (84KGS962). 

3. Pyrido[3,4-aJacridines (Benzo[j][2,7]phenanthrolines) 

No natural or synthetic compounds based on this ring system 26 have 
been reported. 
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23 25 

Scheme 6. (a) PPA, 170°C, 96%; (b) PPA, 180°C, 79%. 



4. Pyrido[4,3-a]acridines (Benzo[j][3,7Jphenanthrolines) 

No natural or synthetic compounds based on this ring system 27 have 
been reported. 


B. PYRIDO[b]ACRIDINES 

The auxiliary pyridine ring is fused at bond b of the acridine nucleus in 
this class of pyridoacridines and, depending on the position of nitrogen in 
the auxiliary pyridine, four different types of pyrido[b]acridines are pos¬ 
sible. 
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1. Pyrido[2,3-b]acridines 

This ring system can be seen in the pentacyclic alkaloids: ascididemin 
28, 2-bromoleptoclinidone 29, 11-hydroxyascididemin 30, 8,9-dihydro-ll- 
hydroxyascididemin 31, calliactine 32, the heptacyclic eilatin 33, and the 
octacyclic biemnadin 34. (See Section II,D,1 on pyrido[2,3,4-/c/]acridines.) 



The organic pigments, the linear-rram-quinacridones, such as 36, also 
possess this ring system. These quinacridones can be used in printing ink 
and as a colorant for plastics (67CRV1). They also exhibit photovoltaic 
and photoconductive properties (84CL1305; 87CL609). A large number of 
quinacridones have been synthesized. The synthetic methods have been 
reviewed by Labana and Labana (67CRV1). The most useful method in¬ 
volves the dehydrogenation of dihydroquinones, such as 35, prepared from 
diethyl 2,5-dioxo-l,4-cyclohexanedicarboxylate and anilines (Scheme 7). 

Some soluble quinacridones 37 have been prepared by applying this 
strategy (92JHC167). The introduction of long alkylthio groups into 
the 4 and 11 positions weakened the intermolecular hydrogen bond¬ 
ing and increased the solubility in different solvents. Diethyl 2,5-dioxo- 
1,4-cyclohexanedicarboxylate, on acid-catalyzed condensation with 2- 
aminobenzophenone followed by dehydrogenation with chloranil, 
afforded quinacridine 38 (88JHC1063). 
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Scheme 7. (a) Heat; (b) e.g., chloranil. 



R=QH q ,C 8 H [7 ,C k H 21 ,C i2 H 25 

37 38 


The synthesis of isoquino[3,4-b]acridine 40 from the interaction of p- 
phenylenediamine with 2-formylcyclohexanone, followed by ring closure 
(after in situ rearrangement) and then dehydrogenation of 39, has been 
reported by Berde et al. (72IJC332). Further examination of the cyclodehy¬ 
dration reaction also gave octahydroquino[3,2-a]acridine 41 as the minor 
product, which was then dehydrogenated to provide quino[3,2-a]acridine 
15 (Scheme 8) (74UC1324). 

2. Pyrido[3,2-b]acridines 

Morton et al. (93H2757) have described a synthesis of pyrido[3,2-/>]acri- 
dones 43 and 44 starting from 3-amino-4-methylacridin-9(10//)one 42 
(Scheme 9). Both compounds were found to be inactive against cultured 
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Scheme 8. (a) EtOH, rt, 77%; (b) PPA, 180°C, 3 h, 51% (39), 14% (41); (c) Se, 300-330°C, 
5-10 h, 25% (40), 38% (15). 



Scheme 9. (a) NaBH 4 AcOH, 10 h, 75%; (b) Et0CH=C(C0 2 Et) 2 , 155-160°C, 1.5 h,; 
(c) PPE, 120-125°C, 1.5 h, 72% (b,c); (d) NaOH, EtOH, 2 h, 67.5%. 



Sec. n.C] HETEROCYCLE-FUSED ACRIDINES 99 

L1210 cells at concentrations up to 10 /iM and showed negligible antibacte¬ 
rial activity. 

The acid-catalyzed conversion of N,iV'-bis(2'-carboxyphenyl)-l,3-diami- 
nobenzene to quino[3,2-b]acridone 45 has been described in a patent 
(64USP3124581). Kumar and Jain [79IJC(B)623] have reported the synthe¬ 
sis of the octahydroquinolino[b]quinoline 46 from the base-catalyzed con¬ 
densation of iV-benzoyldecahydroquinolin-7-one with 2-aminobenzal- 
dehyde. 



3 . Pyrido[3,4-bJacridines 


The synthesis of decahydropyrido[3,4-b]acridine 47, by a Friedlander 
reaction, and its opioid-antagonistic activity (IC50 = 54 nM) has been 
claimed [92JAP(K)92/275288]. 

4 . Pyrido[4,3-b]acridines 

Pyridoacidine alkaloids, eudistone A 48 and B 49, possess this ring as a 
part of their structures (see pyrido[2,3,4-/c/]acridines). 



C. Pyrido[c]acridines (Benzo[Z>]phenanthrolines) 


The auxiliary pyridine is fused at bond c of the acridine nucleus. Depend¬ 
ing upon the position of the nitrogen in the auxiliary pyridine ring, four 
different types of pyrido[c]acridine are possible. 
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1. Pyrido[2,3-c]acridines (Benzo[b][l,7]phenanthrolines) 

Among the pyridoacridine alkaloids, meridine 50 and cystodamine 51 
exhibit this ring skeleton (see Section II,D,1 on pyrido[2,3,4-k/]acridines). 
This ring pattern can also be observed in quino[a]acridines 6 and 9 and 
triquinobenzene 5 (see Section II,A,1 on pyrido[2,3-a]acridines). 



In search of potential anti-malarial agents, Dobson et al. (48JCS123) 
prepared 7,10-dichlorobenzo[b][l,7]phenanthroline 52 by the route de¬ 
scribed in Scheme 1, but with 5-aminoquinoline 48 as a precursor of 
7-diethylaminopropylamino-10-chlorobenzo[b][l,7]phenanthroline 53. No 
significant activity was observed when compound 53 was tested against 
Plasmodium gallinaceum (in vivo). 



52 53 

The coupling reaction between 5-aminoquinoline 54 and 2-chlorobenzoic 
acid gave a very poor yield (5%) of quinolylanthranilic acid 56. With 
diphenyliodonium-2-carboxylate 55, the yield increased to 80%. Quinolyl¬ 
anthranilic acid 56 was then converted to the sulfonamide 57 after cycliza- 
tion with POCl 3 (Scheme 10) (87MI1). The sulfonamide 57 showed negligi¬ 
ble activity against L1210 leukemia cells in culture, against P388 leukemia 
in vivo, and against the Lewis lung solid tumor. 

Wardani and Lhomme (93TL6411) reported two routes for the synthesis 
of 10-aminobenzo[b][l,7]phenanthroline 64 from 3,6-diaminoacridine (pro¬ 
flavine) 58. In first route the proflavine 58 was monoacylated to give 59. 
Activation of the free amino group was achieved by tosylation. Alkylation 
of the monoacetyl monotosyl proflavine 60 with 3-bromopropionaldehyde 
ethylene acetal gave the intermediate 61. Acidic treatment afforded 10- 
aminobenzo[b][l,7]phenanthroline 64 in an 18% overall yield starting from 
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Scheme 10. (a) Cu 2 * (CH 3 COO _ ) 2 , /V-methylpyrrolidone, 95°C, 12 h, 80%; (b) POCl 3 , A; 
(c) 4-amino-3-methoxymethanesulfonanilide, H\ MeOH. 

proflavine 58 (Scheme 11). The second route involves the Skraup cycliza- 
tion. The monoacylated proflavine 59 was reacted with acrolein diethyl 
acetal in refluxing acetic acid. The resultant mixture of 62 and 63 was treated 



Scheme 11. (a) Ac 2 0, EtCOjH, 20°C, 10 h, 83%; (b) TsCl, pyridine, Et 3 N, 4°C, 10 h, 
65% (60); (c) DMF, K 2 C0 3 , BrCH 2 CH 2 CH(OCH 2 ) 2 , 80°C, 3 h, 72%; (d) H 2 S0 4> 1 h, 
40%; (e) AcOH, CH 2 = CHCH 2 CH(OC 2 H 5 ) 2 , reflux, 3 h; (f) DDQ, AcOH, 100°C, 15 min.; 
(g) 4 M HC1, 80°C, 1 h, 40% (e,f,g). 
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with DDQ in acetic acid to afford 63 as the sole product. Deprotection with 
4 M HC1 produced 10-aminobenzo[6] [l,7]phenanthroline 64 (Scheme 11). 
The Skraup synthesis of dipyridoacridine 65 from proflavine 58 has also 
been reported [67JCS(C)1415], 

The synthesis of a number of benzo[6][l,7]phenanthroline anticancer 
agents from 10-aminobenzo[6][l,7]phenanothroline 64 has been claimed 
(91MIP1). Thus, ll-formyl-10-hydroxybenzo[6][l,7]phenanthroline 66 ex¬ 
hibited cytotoxicity, with an IC 50 of 6.5 \lM, against L1210 leukemia cells. 



65 66 


A large number of l-hydroxy-2-ethoxycarbonylbenzo[h][l,7]phenan- 
throlines 68 have been synthesized from 3-aminoacridines 67 by using the 
route shown in Scheme 12, and potent antimicrobial activities and low 
toxicities have been claimed (78USP4060527). 

Reisch et al. (93JHC981) described two different methods for the synthe¬ 
sis of 4-azaacronycine 71. One method involves the fusion of 1,3-dihydroxy- 
10-methyl-9(10//)-acridone 69 with 3-amino-3-methylbut-l-yne in the pres¬ 
ence of CuCl 2 in a closed ampule, followed by methylation (Scheme 13). 
The second method involves the N-alkylation of 3-amino-l-methoxy-10- 
methyl-9(10/7)-acridone 70 with 3-chloro-3-methylbut-l-yne, followed by 
in situ cyclization (Scheme 13). 

We prepared a range of pyrido[2,3-c]acridines 74 by the base- or 
acid-catalyzed cyclization of the corresponding enamines 72, followed by 
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Scheme 13. (a) CuCl 2 , heat, closed ampule; (b) methylation, 10% (a,b); (c) DMF, K 2 C0 3 , 
KI, 120°C, 8 h, N 2 , 20%. 


oxidation of the dihydro derivatives 73 (Scheme 14) (96TH1). The 
aminopyrido[2,3-c]acridine 74a was tested for the inhibition of the sponta¬ 
neous proliferation of a human gastric carcinoma cell line, MKN 45, and had 
an IC 50 < 1 /umol dm" 3 , but was noncytotoxic (95BRP9425409, 95MIP1). 

Buu-Hoi [67JCS(C)213] used a quite different method for the construc¬ 
tion of the benzo[b][l,7]phenanthroline ring system. Condensation of 2- 
naphthol with 5-aminoquinolines 75 and paraformaldehyde generated 
naphthaleno[b][l,7]-phenanthrolines 76 (Scheme 15). 



72 (Z=CN, C0 2 Et) 73 (X=NH 2 , OH) 74 (X=NH 2 , OH) 

Scheme 14. R = H or OMe, R 1 = H or OH, R 2 = H or OH. (a) NaNH 2 , DME, reflux, 
3 h; (b) H3PO4, 150-160°C; (c) MnQ 2 , DMF, reflux. 
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75 76 

Scheme 15. (a) Paraformaldehyde, 250°C, 17% (R = H), 43% (R = Me). 


2. Pyrido[3,2-c]acridines (Benzo[b][l,10]phenanthrolines) 

Eilatin 33 and eudistone A 48 and B 49 are pyridoacridine alkaloids that 
possess this ring skeleton. This ring system is also found in a synthetic 
isomer, isoascidemin 77, of ascididemin 28 (see pyrido[b]acridines and 
pyrido[2,3,4-k/]acridines). Three other alkaloids, the plakinidines (A-C) 
78-80 from Plakortis sponge, also share this ring system (90JA1,90TL3271). 



77 78 R=H 80 


79 R = Me 

The synthesis of a number of 7-(mono and dialkylaminoalkylamino) 
derivatives 81 (46JCS151; 47JA1543; 62JMC546; 72JMC739), and 7-anilino 
derivatives 82 (87MI1; 93JPS262) of benzo[h][l,10]phenanthrolines by 
the route described in Scheme 1, but using 8-aminoquinolines instead of 
7-aminoquinoline, and their biological evaluation has been reported. 
Benzo[£>] [ 1,10Jphenanthrolin-7-ones 83 were also separated during these 
syntheses. Some of the alkylamino derivatives 81 were found to be highly 
effective against ascites tumors at low dosage (72JMC739). The anilino 
derivatives 82 were found to be active against L1210 murine leukemia 
(93JPS262), P388 leukemia cells (87MI1), and a Lewis lung solid tumor 
(87MI1). Using the same strategy, Wilkinson and Finar (48JCS288) have 
prepared some 7-aminobenzo[b][l,10]phenanthrolines 84 and related com¬ 
pounds. None of the amino derivatives showed significant antibacterial or 



Sec. II.C] 


HETEROCYCLE-FUSED ACRIDINES 


105 


trypanocidal activity. The same route was used to prepare 7-dimethylamino- 
propylthiobenzo[b][l,10]phenanthroline 85 as a potential platelet aggrega¬ 
tion inhibitor (72JMC61). No significant activity was observed. 



R* = H, OMe; R 1 = H, Cl R' = H, Me^N, MeSC^NH, 

R 3 = H, alkyl, chloroalkyl, etc. PhSC^NH 

R< = alkyl, chloroalkyl, etc. R i = H , MeO, MeNH, M^N 



R' = H, MeO; R 3 =H, Cl R = H, F, MeO 


83 84 85 

The synthesis and antileishmania activity of 8,9,10,11-tetrahydrobenzo 
[b][l,10]phenanthrolin-7(12//)-one 86 and 7-chloro-8,9,10,ll-tetrahydro- 
benzo[b][l,10]phenanthroline 87 has been described by Satti et al. [93- 
IJC(B)978]. 


O Cl 



A quite different approach to the construction of the benzo[i>][l,10]- 
phenanthroline ring system, for example, 90, was used by Koft and Case 
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90 


Scheme 16. (a) HOCH(CH 2 OH) 2 , H 3 As0 4 , H 2 S0 4 , H z O, 130-140°C, 2.5 h, 53%; 
(b) POClj/PClj, reflux, 5 h, 81%; (c) 10% Pd on charcoal, H 2 , EtOH, KOH, 3 h, 36%; 
(d) Na-Hg, EtOH, H 2 0, NaHCOj, 4-5 h, 47%; (e) H 2 C = CHCHO, H 3 As0 4 , H 3 P0 4 , 100- 
110°C, 1 h, 8.5%. 


(62JOC865). They used 4-aminoacridone 88 and 4-aminoacridine 89 as the 
starting materials (Scheme 16). The Skraup synthesis was also applied 
to the preparation of quino[8,7-h][l,10]phenanthroline 91 and its 7-oxo 
derivative 92 (62JOC865). 


O 



91 92 


Condensation of 5,6-dihydroquinolin-8(7//)-ones, such as 93, with 2- 
aminoaromatic aldehydes, such as 94, afforded dihydrobenzo[h][l,10]phe- 
nanthrolines, such as 95 (Scheme 17), as precursors of a number of inter¬ 
esting compounds (88JA3673; 90AGE923; 93JOC1666). Condensation 
of 5,6-dihydroquinolin-8(7//)-one 93 with ternary iminium perchlorates, 
for example, 96, in the presence of ammonium acetate has been reported 
to give compounds such as 97 that contain the benzo[b][l,10]phenanthroline 
ring system (Scheme 18) (93TL1775). 
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93 94 


KOH, EtOg 
reflux, Ar, 18h 
95% 



95 


Scheme 17 


Cyclocondensation of 2-aminobenzoylformic acid 98 and cyclohexane- 
1,2-dione dioxime 99, followed by decarboxylation with concomitant dehy¬ 
drogenation of the diacid 100, gave quino[3,2-c]acridine 101 (Scheme 19) 
(70JPR1105). The same skeleton 102 was obtained from the Ullmann- 
amine coupling reaction of 2-aminobenzophenone and 1,2-diiodobenzene, 
followed by ring closure (85LA1501). 



In a search for dyestuffs, o-phenylenediamine was reacted with 1-nitroan- 
thraquinone and the resulting bisquinone 103 was cyclized with H 2 S0 4 to 
give 104 (Scheme 20) (74MI1). 





93 96 97 



Scheme 18 
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99 100 101 


Scheme 19. (a) H 2 0, reflux, 22%; (b) paraffin oil, N 2 , 320°C, 93%. 

3. Pyrido[3,4-c]acridines (Benzofb][l,8]phenanthrolines) 


The pentacyclic pyridoacridine alkaloids (amphimedine 105, neoamphi- 
medine 106, petrosamine 107, and debromopetrosamine 108) also contain 
this ring skeleton (see pyrido[2,3-4-/c/]acridines). 



103 104 


Scheme 20. (a) Na 2 C0 3 , Cu-bronze, PhN0 2 ; (b) 70% H 2 S0 4 , 160°C, 73% (a,b). 
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Elslager and Tendick (62JMC546) prepared 7-chloro[b][l,8]phenanthro- 
lines 109, via Ulllmann-amine coupling followed by cyclization, a route 
described in Scheme 1, but with 5-aminoisoquinoline, and converted them 
to potential amebicidal 7-(mono- and dialkylaminoalkylamino)benzo[fe] [ 1 
8]phenanthrolines 110. 



109 110 111 


X - H, Cl; R 1 = H, alkyl; R 2 = alkyl R = H, ethyl, chloroethyl 

7-Chlorobenzo[b][l,8]phenanthroline 109 (X = H) was later used by 
Creech et al. (72JMC739) to prepare nitrogen mustard derivatives 111 of 
benzo[b][l,8]phenanthroline as antitumor agents, and by Sanchez et al. 
(90H2003) to prepare a series of 7-anilino derivatives of benzo[b][l,8]phe- 
nanthroline 114. These anilino derivatives 114 were also prepared to cycliza¬ 
tion of 2-(isoquinoline-5'-yl)benzanilides 113 with POCl 3 (Scheme 21) 



Scheme 21. R = F, OMe, NMe 2 , NHCOMe, SOjMe, S0 2 NH 2 , NHSO z Ph ( NHS0 2 -p- 
C 6 H 4 Me. (a) POCl 3 , reflux, 39%; (b) H 2 S0 4 , heat, 60%; (c) PC1 5 ; (d) ArNH 2 , EtOH, MeS0 3 H; 
(e) ArNH, C 6 H 6 , moderate; (f) POCl 3 , reflux, 42-62%, (c,d,f); (g) POCl 3 , PC1 S ; (h) H 3 0 + . 
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(90H2003). Biological evaluation of these anilino derivatives 114 along with 
7-chlorobenzo[fi][l,8]phenanthroline 109 (X = H) and benzo[fi][l,8]- 
phenanthrolin-7(12//)-one 112 showed a tight binding tendency with 
DNA. Significant inhibition of L1210 murine leukemia cells by benzo[h]- 
[1,8]phenanthrolin-7(12//)-one 112 demonstrated that the anilino side 
chain was unnecessary for activity. No change in the activity was observed 
on substitution of electron-withdrawing or electron-donating substituents 
onto the aniline ring. 7-Chlorobenzo[fi][l,8]phenanthroline 109 was found 
to be inactive (93JPS262). 

Denny and Baguley (87MI1) used diphenyl iodonium-2-carboxylate 55 
as an /V-arylating agent in an Ullmann-amine coupling step, as described 
in Scheme 9, but with 5-aminoisoquinoline, and prepared some 7-anilino- 
benzo[b][l,8]phenanthrolines 115. None of the anilino derivatives showed 
significant activity against the P388 leukemia and Lewis lung solid tumor, 
although they displayed tight binding with DNA. Another derivative 116 
of benzo[fi][l,8]phenanthroline was tested as an antinociceptive agent but 
was found to be inactive (91MI1). 



The Ullmann-Fetvadjian reaction has been applied to 5-aminoisoquino¬ 
line to prepare naphtho[2,l-b][l,8]phenanthrolines, such as 117 (Scheme 
22) [67JCS(C)213; 80JCS(P1)1233], 



117 

Scheme 22 
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Scheme 23. (a) Na 2 CO,, Cu, PhNOj, reflux, 59%; (b) MCPBA, CH 2 C1 2 , 0°C to rt, 87%; 
(c) H 2 S0 4 , AcOH, 130°C, 37%. 


In the development of pyridone fused acridines, Kennedy et al. used 
a sulfoxide-based route to produce 3,7-dimethyl-5-methoxy-l-phenylthio- 
l,2,3,4-tetrahydro-2-oxobenzo[6][l,8]phenanthroline 118 (Scheme 23) [91- 
JCS(P1)2499], 

4. Pyrido[4,3-c]acridines (Benzofb][l,9]phenanthrolines) 

Kubo and Nakahara have reported the formation of an isomer 119 of 
amphimedine 105, which possesses this novel ring system (Scheme 24) 
(88H2095). 



119 

Scheme 24. (a) 10% Pd/C, Et 3 N, MeOH, rt 20 h, 18%. 
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D. Pyrido[&/]acridines 

In this class, the extra pyridine ring is fused at bonds k and l of the 
acridine. Three types of pyrido[Ai]acridines 120 are possible, depending on 
the position of the nitrogen in the fused pyridine ring. 



120a 120b 120c 


1 . Pyrido[2,3,4-kl]acridines 

a. Isolation and Biological Activity. The polycyclic aromatic alkaloids 
based on the pyrido[2,3,4-k/]acridine skeleton are members of a fast¬ 
growing class of marine sponge and ascidian (tunicate) metabolites. More 
than 50 alkaloids of this class have been isolated and characterized during 
the past 12 years. 

Norsegoline 121 is the simplest member of this class isolated from Eudis- 
toma sp., a tunicate (88TL3861; 89JOC5331). Other tetracyclic alkaloids 
include varamines A 122 and B 123, lissoclins A 124 and B 125, diplamine 
126, cystodytins A-J128-137, and pantherinine 138. Varamines A 122 and 
B 123, isolated from the ascidian Lissoclinum vareau, are brilliant red 
pigments that were found to be cytotoxic toward L1210 murine leukemia, 
with IC 50 values of 0.03 and 0.05 jug/ml, respectively (89JOC4256). 
Lissoclins A 124 and B 125, isolated from Lissoclinum sp. collected from 
the Great Barrier Reef, Australia, did not show significant activity against 
the fungus Candida albicans (94JOC6600). Diplamine 126, another tetracy¬ 
clic alkaloid isolated from the tunicate Diplosoma sp., showed cytotoxicity 
towards L1210 murine leukemia cells (IC 5 o = 0.02 //.g/ml) (89TL4201) 
and human colon cancer cell lines (IC 50 < 1.4 fiM) (94JMC3819). DNA 
intercalation and topoisomerase II inhibition (IC 90 = 9.2 p.M) by diplamine 
126 was also observed (94JMC3819). The isolation of another homolog of 
this series, “isobutyramide” 127, from an unidentified tunicate has been 
reported (93CRV1825). 

The tunicate Cystodytes dellechiajei is a very rich source of pyrido[2,3,- 
4-k/Jacridine alkaloids. Nine tetracyclic alkaloids, cystodytins A-1128-136, 
have been isolated from this species ( 88 JOCI 8 OO; 91JNP1634). Except 
for cystodytin C 130, all other cystodytins were isolated as inseparable iso¬ 
meric pairs (3.5:1) of cystodytins, /3,/3-dimethylacrylate and tiglate amides 
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[cystodytins A 128 and B 129, D 131 and E 132, F 133 and G 134, and 
H135 and 1136], Cystodytin J137, isolated from a Fijian Cystodytes sp., was 
found to be a good DNA intercalator, a potent inhibitor of topoisomerase II 
(ICgo = 8.0 fiM), and a potent cytotoxin against the human colon tumor 
cell line HCT116 (IC 50 = 1.6/4 M) (94JMC3819). Cystodytins A-C128-130 
showed powerful Ca 2+ releasing activity in sarcoplasmic reticulum and 
cytotoxicity against L1210 murine leukemia cells (IC 50 ~ 0.2 jug/ml) 
(88JOC1800). Cytotoxic activity (IC 50 s = 0.68-1.4 p.g/ml) against both 



130 R = Me2C(OH)CH 2 138 

137 R = Me 
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L1210 cells and epidermoid carcinoma KB cells was also observed for 
other cystodytins (91JNP1634). A bromo-substituted tetracyclic alkaloid 
pantherinine 138 has been isolated from the ascidian Aplidiumpantherinum, 
and a moderate cytotoxic activity (ED 50 = 4.5 p-g/ml) against P388 murine 
leukemia cells has been reported by Kim et al. (93JNP1813). 

Pentacyclic alkaloids contain an additional fused heterocyclic ring, such 
as tetrahydropyridine, pyridine (pyridone), thiazine, or thiazole. Calliactine 
was shown to be a pyridoacridine alkaloid (87T4023) nearly half a century 
after its isolation from the Mediterranean anemone Calliactis parasitica in 
1940 (40BSF608). Although the exact structure of the alkaloid is still un¬ 
clear, the structural analysis shows that it contains an additional tetrahydro¬ 
pyridine ring (87T4023). The structure of neocalliactine acetate 139, derived 
from calliactine by heating with water (aromatization) followed by reaction 
with acetic anhydride, has been established by a total synthesis (92LA1205; 
93H943). On the basis of spectral data and the establishment of the neocalli¬ 
actine acetate 139 structure, structure 32 is the most favorable among the 
four proposed by Cimino et al. for calliactine (87T4023). 



139 32 

Amphimedine 105, the first pyridoacridine to be fully characterized, was 
isolated from the Guamanian sponge, Amphimedon sp. (83JA4835). Its 
regioisomer, neoamphimedine 106, was isolated from the Micronesian 
sponge Xestospongia cf. carbonaria, along with amphimedine 105 and de- 
bromopetrosamine 108 (93CRV1825). Neoamphimedine 106 was found to 
be a potent inhibitor of mammalian topoisomerase II (IC 50 = 1.3 pM), 
but not of topoisomerase I. Intercalation of neoamphimedine 106 into DNA 
was observed with a K m of 2.8 X 10 5 AT 1 and a binding site size of 1.8 
base pairs per molecule. Amphimedine 105, debromopetrosamine 108, and 
petrosamine 107 (from the sponge (Petrosia sp.) have little effect on topo¬ 
isomerase I or II activity, despite comparable cytotoxicity (40BSF608). 

Ascididemin 28, from Didenum sp. (88TL1177), and 2-bromoleptoclini- 
done 29, from Leptoclinides sp. (87JA6134; 89TL1069), were the first polycy¬ 
clic aromatic metabolites to be isolated from ascidians. Both compounds 
show cytotoxcity toward leukemia cell lines with IC 50 s of 0.4 pgjml, whereas 
ascididemin also inhibits topoisomerase II (IC 50 = 75 pM) and causes 
release of calcium ions in the sarcoplasmic reticulum (91JOC804). Two 
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regioisomers, meridine 50 and 11-hydroxyascididemin 30 were isolated from 
the ascidians Amphicarpa meridina and Leptoclinides sp., respectively 
(91JOC804). Both of these isomers, along with 8,9-dihydro-ll-hydroxyas- 
cididemin 31, have also been isolated from the Okinawan marine sponge 
Biemna sp. (93T8337). Meridine 50 exhibits cytotoxicity against P388 mu¬ 
rine leukemia cells (IC 50 = 0.3-0.4 /zg/ml) (91JOC804), and 8,9-dihydro- 
11-hydroxyascididemin 31 exhibits cytotoxicity against human epidermoid 
carcinoma KB (IC 50 = 0.2 /xg/ml) and murine lymphoma L1210 (IC 50 = 
0.7 /ig/ml) cells in vitro (93T8337). A new pentacyclic alkaloid, cystodamine 
51, has been isolated from the ascidian Cystodytes dellechiajei (94TL7023). 
The new alkaloid shows cytotoxicity against CEM human leukemic lymph¬ 
oblasts (IC 50 = 1.0 pg/ml). 

Shermilamines A 140, B 141, and C 142 are thiazinone-containing penta¬ 
cyclic alkaloids isolated from the purple tunicate Trididemum sp. (140 and 
141) (88JOC4619; 89JOC4231) and a Fijian Cystodytes sp. (141 and 142) 
(94JMC3819). Shermilamine B141 has been reported to exhibit cytotoxicity 
against KB cells (IC 50 = 5.0 ptg/ml) (91JOC804) and HCT cells (IC 50 = 
13.8 pM) (94JMC3819), and shermilamine C 142 exhibits cytotoxicity 
against HCT cells (IC 50 = 16.3 pM). Shermaline B141 and C 142 also inhibit 
topoisomerase II (IC 90 = 118 pM and 138 pM, respectively) (94JMC3819). 



140 R’=Br, R 2 =Me 143 

141 R 1= H, R 2 =Me 

142 R'=H,R2 = Me2C=CH 


A series of pentacyclic aromatic alkaloids that incorporate a thiazole 
ring were isolated from sponges, ascidians (tunicates), and the lamellariidae 
molusk Chelynotus semperi. Dercitin 143 (88JA4356; 92JOC1523), a metab¬ 
olite of deep-water sponge Dercitus sp., exhibits a remarkable biological 
activity. It inhibits a variety of cultured cell clones at nanomolar concentra¬ 
tions and exhibits antitumor activity (in mice) and antiviral activity (against 
herpes simplex and A-59 murine corona virus) at micromolar concentra¬ 
tions. Burres et al. (89MI2) observed the inhibition of both DNA and RNA 
syntheses by dercitin 143 by up to 83% at 400 n M and inhibition of protein 
synthesis to a lesser extent. Inhibition of DNA polymerase and DNase nick 
translation at 1.0 n M by dercitin 143 was also reported. Dercitin showed a 
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potent intercalation into nucleic acids and little inhibition of topoisomerases 
(89MI2). New structural types of anti-HIV drugs based on dercitin have 
been proposed by Taraporewala et al. (92JMC2744). 

144 R = Me2N 

145 R = MeNH 

147 R = Me2CHCH 2 CONH 

148 R = EtCONH 

149 R = MeCONH 

150 R = Me2C=CHCONH 

R 



Nordercitin 144, dercitamine 145, and dercitamide (kuanoniamine C) 
148 were also isolated from Dercitus sp. and Stelleta sp., along with dercitin 
143 (89TL4359; 92JOC1523). Kuanoniamines A-D 146-149 and shermi- 
lamine B 141 were found in the mollusc Chelynotus semperi and its prey, 
an unidentified tunicate (90JOC4426). A new kuanoniamine, the dehydro- 
kuanoniamine B 150, has been isolated along with kuanoniamine D 149 
and other alkaloids from a Fijian Cystodytes sp. (94JMC3819). Kuanonia¬ 
mines A 146, B 147, and D 149 exhibit cytotoxicities against KB cells, 
with IC 50 values of 2.0, >10, and 1.0 pg/ml, respectively (90JOC4426). 
Cytotoxicities against HCT cells (IC 50 7.8 and 8.3 pM) for dehydrokuanoni- 
amine B 150 and kuanoniamine D 149 were also reported (94JMC3819). 
Kuanoniamine D 149 can form complexes with Fe(II), Co(II), Cu(II), and 
Zn(II) ions (92JOC1523). 

Two hexacyclic alkaloids, cyclodercitin 151 and stelletamine 152 from 
Stelleta sp. (89TL4359; 92JOC1523), and three optically active hexacyclic 
alkaloids, segoline A 153, segoline B 154, and isosegoline A 155 from the 
Red Sea tunicate, Eudistoma sp., have been isolated along with tetra- and 
pentacyclic alkaloids (88TL3861; 89JOC5331). Another interesting com¬ 
pound isolated from Eudistoma sp. was the symmetrical, heptacyclic eilatin 
33 (88TL6655; 94JMC3819). Cytotoxicity (IC 50 = 5.3 pM) of eilatin 33 
against HCT cell lines has been reported (94JMC3819). This compound 
was also found to regulate cell growth and to affect cAMP-mediated cellular 
processes (93MI1). Because of the presence of the 1,10-phenanthroline 
skeleton, eilatin 33 is capable of chelating metal ions such as Ni(II) 
(88TL6655). 

Two octacyclic alkaloids, eudistones A 48 and B 49, along with ascidide- 
min 28, have been isolated from another tunicate of the genus Eudistoma 
(from the Seychelles) (91JOC5369). These compounds are optically active, 
but their absolute configurations are still unknown. Another octacyclic 
alkaloid, biemnadin 34, isolated from the Okinawan marine sponge Biemna 
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sp., has been shown to exhibit cytotoxicity against human epidermoid carci¬ 
noma KB and murine lymphoma L 1210 cells in vitro (93T8337). 


b. Syntheses. The biological activity and the novel ring systems of these 
pyridoacridine alkaloids make them appealing targets for synthesis. A num¬ 
ber of approaches have been developed for the synthesis of these com¬ 
pounds. 

Imine formation. An example of this route is Echavarren and Stille’s 
use of a simple intramolecular imine formation between a quinone moi¬ 
ety and an amino group to complete the nucleus (Scheme 25) of amphi- 
medine 105 (88JA4051). The quinone 159 was prepared by a palladium- 
catalyzed cross-coupling of 5,8-dimethoxyquinolin-4-yl triflate 157 (from 
5,8-dimethoxyquinolin-4-one 156) with 2-l-butoxycarbonyl-aminophenyl- 
trimethyltin 158, followed by deprotection of the amino group, reprotection 
by the triflouroacetyl group, and then oxidation with ceric ammonium 
nitrate (CAN). The aza-Diels-Alder reaction of the resultant quinone 159 
with Ghosez’s diene 160 afforded an intermediate 161. Deprotection of the 
amino group with aq. HC1 and in situ formation of the imine gave a precursor 
162 of the amphimedine 105, which was obtained by methylation with 
dimethyl sulfate. 

Similar strategies have been employed by Kubo and Nakahara (88H2095) 
for the synthesis of amphimedine 105; by Szczepankiewicz and Heathcock 
(94JOC3512) for the synthesis of diplamine 126; by Nakahara et al. 
(93H1139) for the synthesis of eilatin 33; by Gomez-Bengoa and Echavarren 
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Scheme 25. (a) (Tf) 2 0, 2,6-lutidine, CH 2 CI 2 ,92-95%; (b) Pd(PPh 3 ) 4 , LiCI, dioxane, 7 h, 
100°C; (c) TFA; (d) TFAA, (iPr) 2 NEt, 82-87% (b,c,d); (e) CAN, CH 3 CN/H 2 0, 23°C, 15 min; 
(f) THF, 23°C, 16 h; (g) pyridinium-HF, 48% (e,f,g); (h) 6 M HC1, THF aq„ 70-80°C, 86%; 
(i) Me 2 S0 4 , K 2 C0 3 , DME, 96%. 

(91JOC3497) for the synthesis of isoascididemin 77, a regioisomer of the 
naturally occuring ascididemin 28; and by Jolivet et al. for the synthesis of 
a series of quino- and pyranoquinoacridines, such as 163 and 164 
[95JCS(P1)2333]. 



77 163 164 
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Scheme 26. (a) Me0 2 CCH 2 N 3 , NaOMe, MeOH, -10 to 0°C, 48%; (b) xylene, 140°C, 78% 
(167), 19% (168); (c) Mn0 2 /H 2 S0 4 , 75%. 


Nitrene insertion. A nitrene insertion reaction is central to many synthe¬ 
ses of pyridoacridine alkaloids and their analogues. For example, Labarca 
et al. [87JCS(P1)927] have reported a three-step synthesis of a pyridoacri¬ 
dine 169 starting from 2-methoxyacridine-9-carboxaldehyde 165 (Scheme 
26). Cyclization of the vinyl azide 166 by thermolysis is believed to involve 
a nitrene insertion reaction, to give either 167 or 168. 

Ciufolini and his co-workers have completed the total syntheses of pyri¬ 
doacridine alkaloids such as cystodytins A 128 (91JA8016), B 129 
(91JA8016), and J 137 (92JA10081), diplamine 126 (92JA10081), dercitin 
143 (92JA10081; 95JA12460), nordercitin 144 (92JA10081; 95JA12460), 
kuanoniamine D 149 (92JA10081; 95JA12460), and shermilamine B 141 
(92JA10081) by using nitrene insertion methodology. Nitrene insertion is 
also involved in the Gellerman synthesis of the pyrido[2,3,4-W]acridines 
(92TL5577), and a similar approach was used by McKillop and his co¬ 
workers for the synthesis of norsegoline 121 and other analogs [92- 
JCS(CC)1453; 93JCS(P1)879], 

Cyclodehydration. This route has been used by Bracher for the synthesis 
of ascididemin 28 (Scheme 27) (89H2093). Freshly prepared 2-aminoaceto- 
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Scheme 27. (a) 0 2 , Ce(SO„) 2 , 78%; (b) Ac0H/H 2 S0 4 , 94%; (c) Me 2 NCH(OEt) 2 , DMF; 
(d) NH4CI, AcOH, 59% (c,d). 


phenone was used for oxidative amination of p-quinolinoquinone 170 in 
the presence of air and cerium ions, to give intermediate 171, which cyclized 
to the linear pyridoacridine 172 on heating in a mixture of cone, sulfuric 
and acetic acids. Condensation of the side-chain methyl group of 172 with 
dimethylformamide diethyl acetal afforded an enamine 173, which cyclized 
to ascididemin 28. 

The same strategy has been applied to the preparation of a number 
of pyridoacridine alkaloids, which include 2-bromoleptoclinidone 29 
(90LA205), 11-hydroxyascididemin 30 (93H943) and kuanoniamine A 146 
(93H943), and also for the synthesis of neocalliactine acetate 139 
(92LA1205; 93H943) (a derivative of calliactine 32). 

Biomimetic synthesis. Kashman and his co-workers have reported novel 
biomimetic syntheses of pyrido[2,3,4-k/]acridines by the reaction of kinura- 
mine 174 or its derivatives, such as 177, and other analogs, such as 178, 
with a variety of diones (e.g., 175), quinones (e.g., 170), and hydroquinones 
(e.g., 179) (Scheme 28) (93TL1823; 93TL1827; 94S239, 94T12959). Using 
this strategy they have prepared a number of pyridoacridines, including 
the marine alkaloids, eilatin 33 (93TL1827), ascididemin 28 (94S239), their 
derivatives, and other analogs such as 176 and 180 (93TL1823; 94T12959). 

Miscellaneous syntheses. Moody et al. (90TL4375; 92T3589) have de¬ 
scribed a synthesis of ascididemin 28 that involves the epoxidation of 1,10- 
phenanthroline 181, ring opening of the epoxide 182 with 2-iodoaniline to 
afford the amino alcohol 183, and oxidation followed by photocyclization 
of the o-iminoquinone 184 (Scheme 29). 
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Scheme 30. (a) Me 3 SiCl, Et 3 N, THF, 60°C; (b) 4-pyridylithium, -40 to 20°C, 2 h, 87% 
(a,b); (c) NaN 3 , PPA, 45°C, 20 h, 69%; (d) PC1 5 , DMF (cat.) POCl 3 ,180°C, 20 h; (e) MeOS 2 OF, 
20°C, 40 min; (f) KOH, K 3 [Fe(CN) 6 ], 20°C, 10 h; (g) CuCN, DMSO, 150°C, 4 h, 38% (d,e,f,g); 
(h) PPA, 90°C, 5 h, 35%. 


A novel synthesis of amphimedine 105 has been reported by Prager et 
al. (89H847; 91AJC277). It involves an azido ring expansion of a pyridyla- 
zafluorenol 185, by the Schmidt reaction, to 5-(4-pyridyl)benzo[a]- 
[2,7]naphthyridin-4-one 186, and then refunctionalization to the a-cyano 
precursor 187, followed by cyclization in polyphosphoric acid (Scheme 30). 
Guillier et al. (95JOC292) have described a new synthesis of the intermedi¬ 
ate 186. 

Taking advantage of the activity of the 9-position of acridines to¬ 
ward active methylenes, Gellerman et al. (92TL5577) have developed a 


Me 



188 

Scheme 31. (a) AmOH, cat. H 2 S0 4 , 130°C, 1.5 h. 
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method for the preparation of pyrido[2,3,4-A:/]acridines starting from 1- 
aminoacridines. Thus, acid-catalyzed condensation of acetylacetone with 
l-amino-4-methylacridine 188 gave a pyridoacridine 189 (Scheme 31). 



H 

190 


2 . Pyrido[3,4,5-kl]acridines 

No natural or synthetic compounds based on this ring system 190 have 
been reported. 

3 . Pyrido[4,3,2-kl]acridines 

Only a few examples of this ring system have been reported. Grout 
et al. [68JCS(C)2689] have cyclized A-acyl derivatives 191 of 9- 
aminobenzo[a]acridines to pyrido[4,3,2-&/]acridines 192 by heating with 
AlCl 3 /NaCl at 200-220°C (Scheme 32). 

The only natural product based on this ring system is necatorone 193. 
This alkaloid was isolated from a toadstool, Lactarius necator (84TL3575). 
This fungal metabolite showed a considerable mutagenic activity in the 
Ames test. A synthesis of necatorone 193 involving oxidative cyclization 
has been reported (Scheme 33) (85TL5975). 



Scheme 32. R' = H, Me; R 2 = H, Me. 
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Scheme 33. (a) POCl 3 , CH 3 CN, 85-93%; (b) Mn0 2 , C 6 H 6 , reflux, 24 h, 90-98%; (c) 48% 
HBr, 64%; (d) H 2 /Pd-C, 82-85%; (e) aq. NaOH (5%), 0 2 , 67%. 


III. Pyranoacridines 

Only a few pyranoacridine ring systems have been reported in the liter¬ 
ature. 


A. Pyrano[2,3-a]acridines 

The pentacyclic alkaloid bicyclo-N-methylatalaphylline 194, isolated 
from Atlantia monophylla Correa, possesses this ring system as a part of 
its structure (72JOC3035). Formation of this ring system (e.g., 196) from 
isoprene-containing acridone alkaloids or their derivatives (3-OH pro¬ 
tected, e.g., 195) has been reported (Scheme 34) [70T2905; 82P1771; 
83JCS(P1)1681]. 



Bhavsar and his co-workers reported the formation of pyrano[2,3-a] 
acridin-2-ones, such as 199, from 8-aroyl-7-hydroxy-benzopyran-2-ones, 
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such as 197, by using the Chapman-Mumm rearrangement of an imino 
ester 198 (Scheme 35) (87MI2, 87MI3). 

We have described a novel method for the construction of this ring 
system that involves the condensation of 7-oxo-5,6,7,8-tetrahydroflavone 
200 with ethyl anthranilate or anthranilonitrile, followed by base-catalyzed 
cyclization and then dehydrogenation of the dihydro derivatives, 201 and 
203 (Scheme 36) [94JCS(P1)173]. 12-Amino-2-phenylpyrano[2,3-a]acridin- 
4-one APPA 204 was found to be a very potent inhibitor (IC 50 = 1.9 /xmol 
dm' 3 ) of the EGF-dependent proliferation of DHER cells, and of the 
spontaneous proliferation of a human gastric carcinoma cell line, MKN 45, 
with an IC 50 of 0.1 /xmol dm' 3 . In addition, APPA 204 was tested against 
60 cancer cell lines as part of the NCI Developmental Therapeutics Program 
and was shown to have an activity profile similar to that of known topoisom- 
erase II inhibitors. 

We have also developed an alternative synthesis [97JCS(P1) 601] of this 
ring system that utilizes the von Strandtmann flavone annellation procedure. 



197 198 199 

Scheme 35. (a) Base, (b) heat, (c) H 3 0‘. 
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202 204 

Scheme 36. (a) PTSA, toluene, reflux, 47%; (b) PTSA, toluene, reflux, 65%; (c) NaNH 2 , 
DME, reflux, 64% (201), 29% (203); (d) Hg(OAc) 2 , DMSO, 51%; (e) MnQ 2 , toluene, reflux, 72%. 


Thus, the esters 205 were treated with the dimsyl anion to give the /3- 
ketosulfoxides 206, which were cyclized to the pyranoacridinones 207 upon 
treatment with an aromatic aldehyde in the presence of piperidine 
(Scheme 37). 




(X=nh 2 , OH) 


207 


Scheme 37. (a) CH 2 SOCH 3 , DMSO; (b) ArCHO, piperidine, DMSO. 
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B. Pyrano[2,3-c] ACRIDINES 
1. Isolation and Biological Activity 

Most of the pyranoacridone alkaloids are based on this ring system. 
Acronycine (acronine) 208 was the first pyranoacridine alkaloid to be iso¬ 
lated, in 1948 by Hughes and co-workers from the bark of Baurella simplici- 
folia (Acronychia baueri, an Australian Rutaceae plant) [48NAT(L)223] 
and in 1949 by Lahey and Thomas from Vepris amphody (49MI1). The 
correct structure was established in 1966 by degradative studies supported 
by NMR studies (66AJC275,66T3245) and finally by X-ray crystallographic 
studies [70AX(B)853]. Acronycine 208 has broad-spectrum antineoplastic 
activity (85MI1; 89MI1; 92MI1), although its poor solubility in aqueous 
media is a major hindrance to its development as a clinical agent. Efforts 
were continued to isolate more alkaloids based on this skeleton, from other 
plants of Rutaceae family and also through molecular variation, to improve 
the cytostatic activity of acronycine 208. Other alkaloids based on this 
system include noracronycine 209 [66T3245; 78MI1; 83JCS(P1)1681; 
84JNP285], de-A-methylacronycine 210 [78MI1; 83JCS(P1)1681], de-A- 
methylnoracronycine 211 [78MI1; 83JCS(P1)1681], citracridone-I 212 
[78MI1; 82H273; 83CPB901, 83JCS(P1)1681; 90JCS(P1)1593], citracridone-II 
213 [82H273; 83CPB895; 90JCS(P1)1593], citracridone-III 214 (91H1781), 
11 -hydroxynoracronycine 215 [82H273; 83CPB895, 83JCS(P1)1681; 
90JCS(P1)1593], 11-methoxynoracronycine (baiyamine A) 216 (86H1595), 
ll-hydroxy-20-methoxynoracronycine 217 (84JNP325), acrifoline 218 
(95JNP1629), atalaphyllidine 219 (75E1387; 82IJC16), atalaphyllinine 220 
[82IJC16, 82P1771; 83JCS(P1)1681], A-methylatalaphyllinine (11-hydroxy- 
A-methylseverifoline) 221 [82IJC16, 82P1771; 83JCS(P1)1681; 96P235], 
severifoline 222 (82P1771), A-methylseverifoline 223 [82P1771; 

83JCS(P1)1681], acronycine epoxide 224 (88MI3), tram-1,2-dihydroxy-l ,2- 
dihydrocitracridone-I 225 (95H187), (+)-l-hydroxy-l,2-dihydro-de-A- 
methylacronycine 226 (87H2057), (- )-cis- 1,2-dihydroxy-l ,2-dihydro-de-A- 
methylacronycine 227 (86JNP1091), l-oxo-l,2-dihydro-de-A-methylacro- 
nycine 228 (87H2057), bicyclo-A-methylatalaphylline 194 (72JOC3035), 
acrignine 229 (93CPB406), neoacrimarines C 230 and D 232 (93CPB1757), 
ataline 231 [73JCS(CC)615], glycobisamines A-C 233, 234a, and 234b 
[93JCS(P1)471], and buntanbismine 235 (96P221). These alkaloids have 
been isolated from various species of Citrus, Glycosmis, Severinia, Sarcomel- 
icope, and other plants (all Rutaceae family), and some of them have 
demonstrated significant biological activity. For example, 11-hydroxynora¬ 
cronycine 215 showed significant effects on Epstein-Barr virus-EA activa¬ 
tion (95MI1), whereas glycobisamine A 233 showed in vitro antimalarial 
activity comparable to that of chloroquine diphosphate (91AAC377). 
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208 R 1 = OMe, R 3 = Me, R 2 = R 4 = R s = H 
210 R 1 = OMe, R 2 = R 3 = R 4 = R 5 = H 
212 R 1 = R s = OH, R 2 = H, R 3 = Me, R 4 = OMe 
214 R 1 = R 4 = R 5 = OH, R 1 = H, R 3 = Me 
216 R 1 = OH, R 2 = R 5 = H, R 3 = Me, R 4 = OMe 
218 R 1 = R 5 = OH, R 2 = R 3 = H, R 4 = OMe 
220 R' = R 4 = OH, R 2 = X, R 3 = R s = H 
222 R' = OH, R 2 = X, R 3 = R 4 = R 5 = H 

X 


209 R 1 = OH, R 3 = Me, R 2 = R 4 = R 5 = H 
211 R 1 = OH, R 2 = R 3 = R 4 = R 5 = H 
213 R 1 = OH, R 2 = H, R 3 = Me, R 4 = R 5 = OMe 
215 R 1 = R 4 = OH, R 2 = R 5 = H, R 3 = Me 
217 R' = R 4 = OH, R 2 = H, R 3 = Me, R 5 = OMe 
219 R'=R 4 = OH,R 2 = R 3 = R s = H 
221 R 1 = R 4 = OH, R 2 = X, R 3 = Me, R 5 = H 
223 R 1 = OH, R 2 = X, R 3 = Me, R 4 = R 5 = H 
Me 2 C=CHCH 2 


0 R 3 



224 R 1 = R 3 = R 7 = R" = H, R 5 = OMe, R 6 = Me, R 2 R 4 = O 

225 R 1 = R 4 = R 5 = R« = OH, R 2 = R 3 = H, R 6 = Me, R 7 = OMe 

226 R' = R 3 = R 4 = R 6 = R 7 = R‘ = H,R 2 = OH,R 5 = OMe 

227 R> = R 3 = R 6 = R 7 = R* = H, R 2 = R 4 = OH, R 5 = OMe 

228 R‘R 2 = O, R 3 = R 4 = R s = R 7 = R* = H, R s = OMe 
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234a R 1 =* Y, R 1 = R 5 = H 
234b diastereoisomer of 234a 
235 R 1 = X, R 2 = Me, R 3 = OH 



2. Syntheses 

Various approaches have been used to synthesize acronycine 208 and its 
derivatives. Lahey and Stick’s synthesis (Scheme 38) involves the condensa¬ 
tion of 2,3-dimethylchroman-5,7-diol 236 with anthranilic acid, followed by 
/V-methylation of the minor product 238 to produce 1,2-dihydronoracrony- 
cine 239 (73AJC2311). 

Beck et al. (68JA4706) have reported three interrelated syntheses of 
acronycine. One synthesis (Scheme 39) used 5,7-dimethoxy-l,2,3,4-tetrahy- 
droquinolin-2(l//)-one 240, which was coupled with 2-iodobenzoic acid 
to give the acid 241. Ring closure with PPA, followed by refluxing with 
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Scheme 38. (a) ZnCl 2 , BuOH, reflux, 2 h; (b) Mel, K 2 C0 3 , acetone. 



Scheme 39. (a) 2-Iodobenzoic acid, Cul, nitrobenzene, K 2 C0 3 , 165-175°C, 6.5 h, 40%; 
(b) PPA, 90°C, 1.5 h; (c) MeOH, HC1, reflux, 2.5 h, 82% (b,c); (d) BC1 3 , CH 2 Cl 2 ; (e) MeLi, 
ether/HCl, 64% (d,e); (f) pyridinium chloride, 190-200°C, (g) Mel, K 2 C0 3 , acetone, 20% (f,g); 
(h) DDQ, toluene, 40-45%; (i) Me 2 S0 4 , K 2 C0 3 , acetone, 16 h, 60%. 
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Scheme 40. (a) 2-Bromobenzoic Acid, Cu(AcO) 2 , KAcO, Et 3 N, fBuOH, 58%; (b) TFAA, 
CH 2 C1 2 , rt, 3 days, 62%; (c) CH 3 I, PhCH 2 NEt 3 Cl, NaOH (aq.), 2-butanone, 96%. 


methanolic HC1, afforded methyl l,3-dimethoxy-9-oxacridin-4-propionate 
242. Ether cleavage at C-l, followed by reaction with an excess of MeLi, 
yielded the tertiary alcohol 243. Fusion with pyridinium chloride at high 
temperature caused O-demethylation at C-3 with concomitant ring closure. 
Treatment of the crude product with Mel under basic conditions produced 
dihydronoracronycine 239. Dehydrogenation with DDQ afforded nor- 
acronycine 209, which was converted to acronycine 208 by O-methylation 
with dimethyl sulfate. 

Loughhead (90JOC2445) coupled 5-amino-2,2-dimethyl-7-methoxy- 
chromene 244 with 2-bromobenzoic acid, and the resultant product 245 was 
cyclized with TFAA. The de-jV-methylacronycine 210 was then converted to 
acronycine 208 by methylation under phase-transfer conditions (Scheme 
40). The same approach has been used by Elomri et al. to prepare 6- 
demethoxyacronycine 246 which was found to be more potent than acrony¬ 
cine 208 in some biological assays (92H799). 

O 

246 



Hlubucek et al. annelated dimethylpyran rings onto 3-hydroxyacridones 

247 by a Claisen-type rearrangement of their a,a-dimethyl propargyl ethers 

248 (Scheme 41) [69CI(L)1809; 70AJC1881]. Similar strategies, with some 
modifications, were used by others to prepare acronycine 208 and its deriva¬ 
tives and analogs (72JMC266; 76JNP399; 82BSB33; 84LA31, 84T5181; 
89AP31; 91AP67; 92JHC1293, 92M473; 93JHC1469). 

Bandaranayaka et al. [74JCS(P1)998] devised an efficient synthesis of 
acronycine 208 that involves the condensation of 1,3-dihydroxyacridin- 
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Scheme 41. (a) HC = C-C(CH 3 ) 2 C1, K 2 C0 3 , KI, DMF, 50-70°C, N 2 ,14-18 h; (b) DMF, 
130°C, 5h; (c) Me 2 S0 4 , DMF, NaH, N 2 , 45°C, 1 h, 85%; (d) Me 2 S0 4 , DMF, K 2 C0 3 , N 2> 60°C, 
18 h, 86%. 


9(10//)-one 247 (R 1 = R 2 = H) with l,l-dimethoxy-3-hydroxy-3-methylbu- 
tane in pyridine at 150°C, followed by methylation of the angular pyrano- 
acridine 211, which was isolated by repeated crystallization. Methylation 
of the unpurified condensation product also gave isoacronycine 249 and 
noracronycine 209, in addition to acronycine 208. Use of citral and farnesal 
in place of l,l-dimethoxy-3-hydroxy-3-methylbutane provided mono- or 
diprenyl-substituted acridones and their cyclized product. The same ap¬ 
proach was used by Ramesh and Kapil [86IJC(B)684] to prepare 11- 
hydroxynoracronycine 215 and atalaphyllidine 219. 



249 


Lewis and his co-workers have reported three interrelated syntheses of 
acronycine 208 (81T209). In one synthesis, 2,6-dimethoxy-4-hydroxy-2'- 
nitrobenzophenone 250, obtained as a minor product from Friedel-Crafts 
acylation of 3,5-dimethoxyphenol with 2-nitrobenzoylchloride, was treated 
with 3-chloro-3-methylbut-l-yne under basic conditions. The resultant nitro 
compound 251 was reduced to the amine 252 with zinc. Upon reaction with 
sodium hydride in DMSO, this amine provided a mixture of de- 
N-methylisoacronycine 253 and de-TV-methylacronycine 210. De-N- 
methylacronycine 210 was converted to acronycine 208 by methylation with 
methyl iodide (Scheme 42). 

Coppola (84JHC913) condensed A'-methylisatoic anhydride 254 with the 
lithium enolate of 2,6,7,8-tetrahydro-2,2-dimethylbenzopyran-5-one 255 to 
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Scheme 42. (a) HC=C CfCHa^Cl, DMF, K 2 C0 3 , KI, 65°C, N 2 , 14 h, 90%; (b) Zn/ 
EtOH, rt 5 days, 98%; (c) NaH, DMSO, rt, 6 days, 29% (210), 43% (253); (d) Mel, K 2 C0 3 , 
acetone, reflux, 11 h, 80%. 


obtain 5,6-dihydro-6-demethoxyacronycine 256. Dehydrogenation with 
DDQ provided 6-demethoxyacronycine 246 (Scheme 43). 

Watanabe et al. (84CPB1264) have reported a one-step synthesis of 
acronycine 208. Lithium methyl(2-methoxycarbonyl)phenyl amide 258 
generated from methyl (V-methylanthranilate 257 in situ in the presence 
of excess lithium cyclohexylamide (LCA), was reacted with 6-bromo-2, 
2-dimethyl-7-methoxychromene 259 to produce acronycine 208. A benzyne 
intermediate 260 is believed to be involved in this reaction (Scheme 44). 

A regiospecific synthesis of acronycine 208 from 3-acetyl-4-chloro-2- 
cyanomethylquinoline 261 has been described by Anand and Sinha (Scheme 
45) [90H1733; 91JCS(P1)2339], This synthesis involves alkylation of the 
cyanomethylene 261 with l-bromo-3-methylbut-2-ene, methanolysis of the 
resulting nitrile 262 to give the ester 263, and finally, ring closure and 
hydroxy-dechlorination to afford norglycocitrine II264. Oxidative cycliza- 
tion of this acridone 264 with DDQ gave de-Ai-methylnoracronycine 211, 



Scheme 43. (a) LDA, THF, N 2 , -65°C, 56%; (b) DDQ, 88%. 
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259 260 

Scheme 44. (a) LCA, THF, N 2 , -78°C; (b) LCA, THF, N 2 , -10°C, 41% (a,b). 


which was converted to acronycine 208 by methylation with methyl iodode. 
In another reaction, glycocitrine II265 was converted to noracronycine 209 
by oxidative cyclization with benzeneselenyl chloride followed by hydrogen 
peroxide [83JCS(P1)1681], 



Scheme 45. (a) (CH 3 ) 2 C=CHCH 2 Br, K 2 C0 3 , DMF, reflux, 30 h, 48%; (b) MeOH, HC1, 
70%; (c) NaH, THF, 3 h; (d) PhOH, 100°C, 3 h; (e) HC1, MeOH, 10 h, 47% (c,d,e); (f) DDQ, 
toluene, 52%; (g) NaH, DMF, Mel, 85%. 
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The syntheses of acronycine 208 and its derivatives, such as 266, 267 
reported by Blechert et al., have novelty in that they involve the formation 
of ring “A” (Scheme 46) (78CB439; 80LA503). 

Microbial conversions of acronycine 208 to its hydroxy derivatives have 
been reported by two research groups (74JMC599, 74JMC653). Among 
many microbial agents, Aspergillus alleaceus, Cunninghamella echinulata, 
and Streptomyces spectablicus are found to be effective. 

The reaction of organolithium compounds with noracronycine provided 
7-substituted derivatives [95JCS(P1)511], The reaction of acronycine with 
P 4 S 10 produced the thio analog 268 (79JPS36; 82S493), and oxidation of 
acronycine 208 resulted in one or more products that include acrony¬ 
cine epoxide 224, l-hydroxy-2-oxo-l,2-dihydroacronycine 269, m-1,2- 
dihydroxy-l,2-dihydroacronycine 270, and 5-hydroxyacronycine 271, de- 



266 208 267 

Scheme 46. (a) TiCl 4 , CH 2 C1 2 , rt 2 h, 60% (X = Br); (b) heat, 16%; (c) Ac z O; (d) (BuOK; 
(e) DMSO, pyridine, TFA, DCC, rt 20 h; (f) Mel, K 2 C0 3 , acetone, 68% (X = Br); (g) BuLi, 
ether, 0°C, 4 h, 38%. 
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pending on the nature of the oxidizing agent (86JNP1091; 90M709; 
94LA317, 94M731). The synthesis of 1-hydroxy-1,2-dihydroacronycine 272 
and 2-hydroxy-l,2-dihydroacronycine 273 from acronycine 208 has also 
been reported (88MI2). 



268 X = S;R'=H 269 R' = 0H;R 2 R 3 = 0 

271 X = O; R' = OH 270 R 1 = R 2 = OH;R 3 = H 

272 R> = OH; R 2 = R 3 = H 

273 Ri = R2 = H; R 3 = OH 

Reisch and Gunaherath [89JCS(P1)1047] have reported the synthesis 
of 2,12-dimethyl-6-hydroxypyrano[2,3-c]acridine-3,7(12//)-dione 275 by 
two different routes starting from the alkylation of l,3-dihydroxy-10- 
methylacridin-9(10//)-one 69 to give the a,/3-unsaturated ester 274 
(Scheme 47). 





Scheme 47. (a) K 2 C0 3 , acetone, reflux, 2 h, 73%; (b) I 2 , HI0 4 (aq.), EtOH, rt, 2 h, 90%; 
(c) Ac 2 0, pyridine, 100°C, 3 h, 32%; (d) K 2 C0 3 , MeOH, reflux, 15 min, 77%- (e) PEG 
200°C, 30 min, 71%, (f) PEG, 220°C, 15 min, 45%. 
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0 


Me 
276 

Scheme 48 




277 



C. Pyrano[3,2-^]acridines 

The coupling of 2,3-dihydroxy-10-methylacridin-9(10//)-one 276 with 3- 
chloro-3-methylbut-l-yne afforded a pyrano[3,2-a]acridine 277 (Scheme 
48) (83MI1). 

6-Aminobenzopyran-2-ones 279 undergo the Conrad-Limpach reaction 
with 2-ethoxycarbonylcyclohexanone 278 to give anils 280, which, on heat¬ 
ing in diphenyl ether at reflux, give cyclized products 281 (Scheme 49) 
(83JHC775). 

We have prepared a series of pyrano[3,2-«]acridines (e.g., 282) by the 
route described in Scheme 34, but using 6-oxo-5,6,7,8-tetrahydroftavone 
instead of 7-oxo-5,6,7,8-tetrahydroflavone (84TH1). 



279 280 

Scheme 49. (a) Xylene, reflux, 29-30%; (b) Ph 2 0, heat, 52% 


278 


281 
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D. Pyrano[3,2-Z>]acridines 

Linear pyranoacridines are very rare in nature. Only a few acridone 
alkaloids based on the pyrano[3,2-6]acridine ring system have been isolated 
and characterized. These include pyranofoline 283 and glycofoline 284 from 
Glycosmis citrifolia (Willd.) Lindl. [83JCS(P1)1681], honyumine 285 from 
Citrus grandis (86H41) and Citrus funadoko [90JCS(P1)1593], junosidine 
286 from Citrus junos Tanaka (87H2077), and yukocitrine 287 from Citrus 
yuko Hort plant (92H2123) and, with 4-(2'-hydroxy-3'-methylbut-3'-enyl)- 
yukocitrine 288, from Bosistoa transversa (96P235). Isoacronycine 249 
or its de-N-methyl or de-O-methyl precursors have been separated as side 
products in most of the acronycine 208 syntheses (see pyrano[2,3-c] 
acridines). 



283 R 1 = Me; R 2 = OMe; R’ = OH; R 4 = H 

284 R' = Me 2 C=CHCH 2 ;R 2 = R 4 = H;R’ = OH 

285 R 1 = Me; R J = H; R 3 = OMe; R 4 = OH 

286 R 1 = Me; R J = R 4 = H; R J = OMe 

287 R 1 = Me; R J “ R 4 = H; R 3 = OH 

288 R^Me; R 2 =CH 2 =C(CH 3 )CH(OH)CH 2 ; 
R 3 =OH; R 4 =H 


Reisch et al. (91LA685) have reported a regioselective synthesis of iso¬ 
acronycine 249 from l,3-dihydroxy-10-methylacridin-9(10//)-one 69 that in¬ 
volves iodination at C-2, followed by palladium-catalyzed Heck condensa¬ 
tion with 3-hydroxy-3-methylbut-l-ene to give isonoracronycine 289. 
Methylation of isonoracronycine 289 with Mel gave isoacronycine 249 
(Scheme 50). 


O OH O OH 



289 249 

Scheme 50. (a) I 2 , H 5 I0 6 , EtOH, rt, 92%; (b) Pd(OAc) 2 , («Bu) 4 N + Br, CH 2 =CH- 
C(OH)Me2; NaHCOj, DMSO/DMF, N 2 , 80°C, 36 h, 48%; (c) Mel, NaH, THF, 12 h, 80%. 
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We have prepared a linear pyranoacridine 291 by the condensation of 
yV-benzyl anthranilonitrile with 7-oxo-5,6,7,8-tetrahydroflavone 200, fol¬ 
lowed by base-catalyzed cyclization of the resultant enamine 290 (Scheme 
51) (94TH1). 


IV. Pvrroloacridines 

Pyrroloacridines have been scarcely reported in the literature; only a few 
ring systems have been described. 


A. Pyrrolo[2,3-&] ACRIDINES 

Bilgic and Young have reported the formation of the benzo[;']pyrrolo[2,3- 
h]acridine 294 in a reaction between l-(/V,V-dimethylaminomethyl)naphth- 
2-ol 292 and 5-aminoindole. A quinone methide 293 is believed to be 
involved as an intermediate (Scheme 52). The reaction of the naphthol 292 
with 5-aminoindazole gave the angular pyrazoloacridine 295 [80JCS(P1) 
1233]. 


B. Pyrrolo[2,3-c] ACRIDINES 

Takagi et al. have synthesized a number of 4,5-dihydropyrrolo[2,3-c] 
acridines 297 from 4-oxo-4,5,6,7-tetrahydroindoles 296 (Scheme 53) 
(73BSF2807). Syntheses of condensed heterocyclic compounds based on 4- 
oxotetrahydroindoles have also been reported in the Russian literature 
(75MI1). 

Another strategy involves the fusion of a pyrrole ring onto the acridine 
nucleus. The Japp-Klingemann reaction of the diazonium salt 298 of 3- 



200 


Scheme 51. (a) PTSA, toluene, reflux; (b) LDA, THF, N 2 , -78°C. 
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Scheme 52. (a) Ph 2 0, N 2 , reflux, 16 h, 67% 294, 61 % 295. 


aminoacridine with ethyl 2-methylacetoacetate provided a hydrazone 299, 
which was cyclized to pyrrolo[2,3-c]acridine 300 in the presence of ZnCl 2 
(Scheme 54) (78KGS1277; 79KGS1092). 

Wardani and Lhomme (93TL6411) used a different pathway for the 
construction of the pyrrole ring. Base-catalyzed alkylation of N-acetyl-N'- 
tosylproflavine 60 with bromoacetaldehyde diethyl acetal, followed 
by deprotection of the acetal function with concomitant ring closure and 
deacylation in acidic media yielded 9-amino-3-tosylpyrrolo[2,3-c]acridine 
301. Detosylation was achieved by basic hydrolysis to give 9-aminopyr- 
rolo [2,3-c] acridine 302 (Scheme 55). 

We have prepared pyrrolo[2,3-c]acridines 304 by our standard method, 
involving the base-catalyzed cyclization of the enamines 303, followed by 
oxidation (Scheme 56) (96TH1). 



Scheme 53. R 1 = H, Me, Et, Ph, p An, /3-Naph; R 2 = Me, Ph. 
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COjEt 

Scheme 54. (a) Ethyl 2-methylacetoacetate/base, 51%; (b) ZnCl 2 . 




Scheme 56. (a) NaNH 2 , DME; (b) MnOj, DMF, reflux. 
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C. Pyrroi.o[2,3,4-/:/]acridines 

Three polycyclic alkaloids that contain this ring system as part of their 
structures, plakinidines A 78, B 79, and C 80, were isolated from the marine 
sponge Plakortis sp. (see Section II,C,1 on pyrido[3,2-e]acridines). 

Gellerman et al. (94T12959) have described the biomimetic synthesis of 
a pyrrolo[2,3,4-fc/]acridine 305 (Scheme 57). 


V. Thienoacridines 

Only a few thienoacridine ring systems are known, and all are synthetic. 


A. Thieno[2,3-c]acridines 

The Pfitzinger reaction of 6,7-dihydrobenzothiophen-4(5//)-ones 306 
with isatins 307 produced 4,5-dihydrothieno[2,3-c]acridine-6-carboxylic 
acids 308 (Scheme 58) (50RTC1053; 55BSF1252, 55JCS21; 58JCS2418). 
Decarboxylation of the acid 308 (R = Me, X = H) upon heating above 
the melting point has been reported to give the dihydro derivative 309 
(50RTC1053; 55BSF1252), and Buu-Hoi' has reported the decarboxylation 
with concomitant dehydrogenation of the acid 308 (R = Et, X = Br) to 
give 6-bromo-2-ethylthieno[2,3-c]acridine 310 (Scheme 58) (58JCS2418). 

Remers et al. (71JMC1127) have used a quite different approach, which 
involves the Vilsmeier-Haack formylation of 6,7-dihydrobenzothiophen- 
4(57/)-one 306 (R = H) followed by cyclocondensation with aniline to give 
4,5-dihydrothieno[2,3-c]acridine 311 (Scheme 59). 

Strekowski etal. (90JOC4777) condensed the 6,7-dihydrobenzothiophen- 
4(57/)-one 306 (R = H) with 2-trifluoromethylaniline and then cyclized 
the resultant imine 312 with lithium 4-methylpiperazide to afford this ring 
system 313 (Scheme 60). 



Scheme 57 
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Scheme 58. (a) KOH, EtOH, reflux, 10-24 h; (b) Heat > 300°C. 



306 311 

Scheme 59. (a) POC] 3 -DMF, 100°C, 1 h, 17%; (b) aniline, AcOH, reflux, 3 h, 67%. 
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Scheme 61 


The Fetvadjian-Ullmann reaction between 4-hydroxy-7-( p-tolyl)ben- 
zothiophene 314, aniline, and paraformaldehyde provides another pathway 
for the construction of thieno[2,3-c]acridines, such as 315 (Scheme 61) 
(81JHC1519). 

Suresh et al. (93SUL7) have described a novel route for the preparation 
of thieno[2,3-c]acridines 316 that involves photocyclization (Scheme 62). 

We have used the strategy developed for the synthesis of pyrido[2,3- 
c]acridines to prepare thieno[2,3-c]acridines, such as 317 (96TH1). 



NH 2 


317 

B. Thieno[3,2-c]acridines 

Buu-Ho'i and Royer (46CR806) obtained a series of thieno[3,2-c]acridines 
320 by using the Pfitzinger reaction between 4,5-dihydrobenzothiophene- 
7(6//)-one 318 and isatins 319, followed by decarboxylation at high temper¬ 
ature (Scheme 63). One of the decarboxylated products 320 (R 1 = Me, 
R 2 = H) was dehydrogenated with PbO at 310°C to give the fully aromatic 
system 321. 



316 


Scheme 62 
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C. Thieno[3,4-c]acridines 

Isatins 307 on reaction with l,3-dimethyl-6,7-dihydroisothiophene- 
4(5//)-one 322 gave 2,3-dimethyl-4,5-dihydrothieno[3,4-c]acridine-6-car- 
boxylic acids 323 (Scheme 64) (50RTC1053). 


VI. Furoacridines 

Only three furoacridine ring systems have been reported. 


A. Furo[2,3-«]acridines 

The reactions of copper(I) phenylacetyhde 325a and copper(I) isopro- 
penylacetylide 325b with l-hydroxy-2-iodo-3-methoxy-10-methylacridin- 
9(10//)-one 324 gave furo[2,3-a]acridones 236a and 236b (Scheme 65) 
(84LA31). 



322 307 323 


Scheme 64 
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324 


325a R = Ph 326a R=Ph (15%) 

325b R = CH 2 =C-CH 3 326b R = CH 2 =C-CH 3 (58%) 

Scheme 65 



B. Furo[2,3-c]acridines 


1. Isolation 

This ring system is the basic skeleton of a number of acridone alka¬ 
loids isolated from intact plants or cell tissue cultures of various species 
from the Rutaceae family. Most of the dihydrofuroacridone alkaloids 
have been isolated from Ruta graveolens: rutacridone 327 (67MI1; 81MI1; 
87PHA67; 88MI1; 90PHA500; 91MI3), rutacridone epoxide 328 (81MI1, 
81ZN200; 82ZN132; 85MI2; 87PHA67; 88MI1; 90PHA500; 91MI2), 20- 
hydroxyrutacridone epoxide 329 (82ZN132; 85MI2), 1-hydroxyrutacrodine 
epoxide 330 (85MI2), gravacridonol 331 (81MI1; 85MI2), gravacridone 
chloride 332 (73P2359; 87PHA67; 88MI1), isogravacridone chloride 333 
(77P151; 91MI1), gravacridondiol 334 (72P2121; 76MI1,76P240), gravacri- 
dondiol acetate 335 (91MI2), gravacridondiol monomethyl ether 336 
(72P2121), gravacridontriol 337 (76MI1, 76P240), gravacridonolchlorine 
338 (72P2121,72P2359), and rutagravin 339 (85MI2). Rutacridone 327 and 
its epoxide 328 have also been detected in Boenninghausenia albiflora 
(78P169). 



328 R 1 = H; R 2 = 
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329 R> = H; R 2 

Me 

330 R' = OH;R 2 = 

331 R'= H; R 2 =H 2 C=CCH 2 OH 

332 R> = H; R 2 =H 3 CC(CI)CH 2 OH 

333 R 1 = H; R 2 =H 3 CC(OH)CH 2 Cl 

334 R* = H;R 2 =H 3 CC(OH)CH 2 OH 

335 R 1 = H; R 2 =H 3 CC(OH)CH 2 OAc 

336 R< = H; R 2 »HjCG(QH)CHOMe 

337 R 1 = H; R 2 =HOC(CH 2 OH) 2 

338 R 1 = H; R 2 =ClC(CH 2 OH)2 



341 R 1 = OH; R 2 = R 2 = H 

342 R 1 = OMe; R 2 = OH; R 3 = H 

343 R> = OMe; R 2 = OH; R 3 = Me 


Some of these dihydrofuroacridones, 327, 328, 331, 333, 334, and 337, 
have been separated by Baumert et al. from the cell culture of Thamnosma 
montana (94MI1). They have also obtained the glucosides of gravacridonol, 
gravacridondiol, and gravacridontriol. The last two glucosides were also 
isolated from roots and tissue culture of Ruta graveolens (76MI1, 76P240). 

Three bisacridone alkaloids, citbisamines A 341, B 342, and C 343, con¬ 
taining a C—C bond linkage between the dihydrofuroacridone and the 
acridone ring systems, have been isolated by Takemura et al from the roots 
of Marsh grapefruit ( Citrus paradisi) and Hirado-buntan ( Citrus grandis) 
(95CPB1340). Previously, Fraser and Lewis reported the isolation of two 
dimeric alkaloids (containing 0-linkages), atalanine 344 and ataline 231, 
from Atlantia ceylanica [73JCS(CC)615]. 
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A fully dehydrogenated furoacridine (furacridone = furofoline-I) 345 
was detected for the first time in Ruta graveolens by Reisch et al. (77P151) 
as a mixture with l-hydroxy-3-methoxy-10-methylacridin-9(10//)-one. Wu 
et al. [83JCS(P1)1681] were able to isolate furofoline-I 345 and furofoline 
II 346 from Glycosmis citrifolia (willd.) Lindl. 



R 


345 R = H 

346 R=C(OH)Me2 348 349 

347 R = COMe 

Hallacridone 347 was isolated from Ruta graveolens by Baumert et al., 
along with the dihydrofuroacridones 327,328, and 332 (87PHA67; 88MI1). 
Its structure was revised by Reisch and Gunaherath [89JCS(P1)1047] on 
the basis of spectroscopic evidence and total synthesis. It was also isolated 
from tissue cultures of Ruta graveolens (90PHA500) and Thamnosma mon- 
tana (94MI1). Isolation of two new alkaloids, thehaplosine 348 (93MI2) 
and furoparadine 349 (95H187), has been achieved from the aerial parts 
of Halophyllum thesioides and roots of Marsh grapefruit (Rutaceae), respec¬ 
tively. 

2. Syntheses 

Rutacridone 327 was synthesized for the first time by Mester et al. (81H77) 
by base-catalyzed alkylation, with concomitant cyclization, of 1,3-dihy- 
droxy-10-methylacridin-9(10//)-one 69 with l,4-dibromo-2-methylbut-2- 
ene. The linear isomer, isorutacridone 350, was also obtained as a by¬ 
product (Scheme 66). A better yield of rutacridone 327 was obtained when 
A1 2 0 3 was used as the catalyst (90M829). Once again, isorutacridone 350 
was obtained as a by-product (Scheme 66). 

Maier et al. have observed that microsomes (from Ruta graveolens cell 
cultures) catalyze the condensation of l,3-dihydroxy-10-methylacridin- 
9(10//)-one 69 with isopentenyl pyrophosphate or dimethylallyl pyrophos¬ 
phate, in the presence of NADPH and 0 2 , to produce rutacridone 327, and 
also that the reaction involved glycocitrine-II 265 as an intermediate 
(90MI2; 93P691). A possible precursor 351 of rutacridone 327 has also been 
isolated from a reaction of glycocitrine-II 265 with m-chloroperbenzoic acid 
(MCPBA) (Scheme 67) (93CPB383). 
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69 327 350 

Scheme 66. (a) Na, MeOH, BrCH 2 CH=C(CH 3 )CH 2 Br, 15.5% (327), 5.2% (350); 
(b) A1 2 0 3 , ClCH 2 CH=C(CH 3 )CH 2 Br. 


Selective hydroxylation of rutacridone 327 with Se0 2 in the presence 
of /BuOOH provided gravacridonol 331 (91LA299), and oxidation with 
KMn0 4 afforded rutagravin 339, isorutagravin 340, gravacridondiol 334, 
and dihydrohallacridone 353 [69CI(L)1809]. Dehydrogenation of dihydro- 
hallacridone with DDQ produced hallacridone 347 [94JCR(S)157], 



353 

To confirm its structure, Reisch et al. have synthesized hallacridone 347 
(Scheme 68 ) [89JCS(P1)1047]. Ullmann-amine coupling of 2-chlorobenzoic 
acid and 3,5-dimethoxyaniline gave an amine 354 that, on treatment with 
DMF-POCI 3 , provided 4-formyl-l,3-dimethoxyacridin-9(10//)-one 355. 
A-Methylation, O-demethylation, and subsequent condensation with 1- 
chloropropan-2-one in basic media gave hallacridone 347. 



Scheme 67 
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Scheme 68. (a) POCl 3 , DMF, rt, 1.5 h, 15%; (b) Mel, Ag 2 0, DMF, 16 h, 76%; (c) BC1 3 , 
CH 2 C1 2> rt 72 h, 64%; (d) ClCH 2 COCH 3 , K 2 C0 3 , acetone, reflux, 2 h, 50%. 


Takagi and Ueda have prepared a number of 4,5-dihydrofuro[2,3- 
c]acridines 358a-c from 4,5,6,7-tetrahydrobenzofuran-4-ones 356 by con¬ 
densing with isatin, anthranilic acid, and 2-aminophenylcarbonyl hydrochlo¬ 
rides 357 using a range of conditions (Scheme 69) (71CPB1218; 72CPB380, 



Scheme 69. R 1 = Me, Ph, pMeO-Ph, pBr-Ph; R 2 = Me, Ph. (a) KOH, EtOH, reflux, 
50-64 h, 18-31% (358c); (b) heat 110-140°C, 1 h, 40-71%, (a,b); (c) 120-200°C, 1 h, 16-38%; 
(d) Pd/C, 260-290°C, 15 min, 40-54%; (e) POCl 3 ,135°C, 2 h, 71%. 




72CPB2051). Dehydrogenation of 4,5-dihydrofuro[2,3-c]acridines 358 has 
also been reported to give the aromatic systems 359. 

Coppola (84JHC1569) condensed iV-methylisatoic anhydride 254 with 
the lithium enolate of 4,5,6,7-tetrahydrobenzofuran-4-one 356 (R = H) and 
obtained iV-methylfuro[2,3-c]acridin-6-one 361 after dehydrogenation of 
the resultant 4,5-dihydrofuroacridone 360 (Scheme 70). 

The method of Jayabalan and Shanmugan is novel in that it involves the 
construction of a ring between a quinoline and furan moieties to complete 
this skeleton (Scheme 71) (91ZN558). 

Once again, we have used the strategy developed for the synthesis of 
pyrido[2,3-c]acridines to prepare furo[2,3-c]acridines 362 (96TH1). 



X 

362 (R=H or OMe) 



Scheme 71 
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C. Furo[3,2-6]acridines 

Reisch and co-workers have isolated isorutacridone 350 as a by-product 
during their base-catalyzed (81H77) and Al 2 C> 3 -catalyzed (90M829) synthe¬ 
sis of rutacridone 327 (Scheme 66). They observed that the use of an ion- 
exchange resin as the catalyst favored the formation of isorutacridone 350 
as the major product (81H77). The same group also reported the formation 
of another linear furoacridine, 4-hydroxy-3-methylene-2,2,10-trimethyl-2,3- 
dihydrofuro[3,2-6]acridin-5(10//)-one 363 (Scheme 72) (89JHC1849). 
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I. Introduction 

The present review complements and concludes the first part [97- 
AHC(68)223], which was devoted to the chemistry of C-nucleosides of 
hetero monocyclic bases. C-Nucleosides reviewed in this part were system¬ 
atized according to the size and complexity of the base component, starting 
with those of simpler base components followed by more complex ones. 
Within a class of a particular base component, the arrangement also goes 
from less to more complex attached components. The C-nucleosides of a 
certain category are discussed first, followed by their analogs in the sequence 
homo, carbocyclic, reverse, and acyclo C-nucleosides [for definitions, see 
Part I, 97AHC(68)223]. To avoid redundancy, whenever the synthesis of 
a C-nucleoside of a condensed base comprised the elaboration of a C- 
nucleoside of a monocyclic base, the synthesis of the latter is usually not 
discussed, since it has already been mentioned in the first part of this review. 
The literature has been surveyed to Vol. 125, No. 7 (1996), of Chemical 
Abstracts and Vol. 142 No. 10 (1996), of the Index Chemicus. 
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Scheme 1 


II. Condensed Azole C-Nucleosides 

A. Furo[3,4-c]pyrrolyl Acyclo C-Nucleosides 
1. Furo[4,3-c]pyrrol-l-yl Acyclo C-Nucleosides 

Base-catalyzed de-O-acetylation and deesterification of the 3-(tetra-0- 
acetyl - d - arabino - tetritol -1 - yl) - 4 - ethoxycarbonyl -2,5 - dimethyl - 2-nitropyr - 
role 1 took place with concomitant y-lactone ring formation to provide the 
furo[3,4-c]pyrrol-l-yl acyclo C-nucleoside 2 [85AQ(C)49] (Scheme 1). 


B. Indole C-Nucleosides 
1. Indol-2-yl C-Nucleosides 

Kinetically controlled acid-catalyzed cyclodehydration of the 2 -(d -gluco- 
or D-ma««o-pentitol-l-yl)-4,5,6,7-tetrahydroindol-4-one (3) (Section II,- 
C,l) furnished the 2-(a-D-arabinofuranosyl)-4,5,6,7-tetrahydroindol-4-one 
(5) [74JCS(P1)1237; 80MI5; 83MI9; 85MI10], The furanose C-nucleoside 
5 then was transformed to the thermodynamically more stable pyranose 
analog 6 (82MI5) (Scheme 2). 



Scheme 2 
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R = H, PhCH 2 

Scheme 3 


Dehydrative cyclization of the 2-(D-ga/ac/o-pentitol-l -yl) indol-4-one 9 
directly gave the 2-(/3-D-lyxopyranosyl)indol-4-one 10 without passing 
through the /3-D-furanose C-nucleoside 7 because of steric destabilization 
of the transition state 8, which contains the bulky CH 2 OH, HO-2', and 
HO-3' groups residing on the same side of the new furan ring [80MI5; 
83MI9] (Scheme 3). C-Nucleoside 10 inhibited growth of Ehrlich ascites 
tumor cells [81FA(36)733]. 

Cyclization of indol-2-yl acyclo C-nucleosides that carry acid-sensitive 
O-protective groups such as 11 has been successfully achieved without 
affecting these groups by dehydration with triphenylphosphine-diethyl 
azodicarboxylate-iodine; a mixture of anomeric C-nucleosides (12) was 
usually produced [94CL265; 95JAP(K)95/118268] (Scheme 4). 

2. Indol-3-yl C-Nucleosides 

Cyclization of the 3-(D-manno-pentitol-l-yl)indole derivative 13 (Section 
II,C,2) with dilute hydrochloric acid gave a mixture of the 3-(a- and /3 -d- 
arabinofuranosyl)indoles 14 and 15; the a-anomer predominated 
(91JOC5466) (Scheme 5). 



Scheme 4 
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H 



R = PhCHg 14 (62%) 15 (14%) 


Scheme 5 

Glycosylation of indole with glycosyl halides in the presence of silver 
oxide was studied by Russian groups, who found that a glycosyl halide 
having a participating group at C2 such as 16 gave a mixture of one anomer 
of the indol-3-yl C-nucleoside 17, the IV-nucleoside 19, and the ortho acid 
amide 18 (80MI7) (Scheme 6). Glycosyl halides without a participat¬ 
ing group at C2 (e.g., 20) gave a mixture of the two anomeric indol-3-yl 
C-nucleosides (22) in which the a-anomer preponderated (60MI1; 
80KGS1423; 84MI4) (Scheme 7). 

3. Indol-4-yl C-Nucleosides 

Reaction of the C-/3-D-ribofuranosylnitromethane 24 with 2-allyl-l- 
ethoxycarbonylpyrrole in the presence of phenyl isocyanate formed the 
isoxazoline 26. Catalytic reduction of 26 produced the a-ketol 27, which 



Scheme 6 
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R = 4-N0a , 5-N02 


R = 4-O2NC6H5 

Scheme 7 


cyclized with Lewis acids to the indol-4-yl C-nucleoside 28 [87JCS(CC)680] 
(Scheme 8). 

4. Indol-7-yl C-Nucleosides 

Example 31 was obtained by reacting 24 with 3-ally 1-1-(triisopropyl- 
silyl)pyrrole 30 similarly to the preparation of 28 [87JCS(CC)680] 
(Scheme 9). 



Scheme 8 
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1. PhNCO , EtjN 

2. H 2 ,Raney-Ni 

3. {CF 3 SO 3 ) 2 Zn 

4. CF 3 COOH 



24 


30 


Scheme 9 


31 


C. Indole Acyclo C-Nucleosides 
1. Indol-2-yl Acyclo C-Nucleosides 

2-Amino-2-deoxyaldoses [66AQ(B)471; 74JCS(P1)1237; 80MI4; 85MI10] 
32, (R = H) and 2-alkylaminoaldoses (32, R = alkyl) (83MI9; 85MI7) 
cyclocondensed with cyclohexane-1,3-diones to produce 2-(alditol-l-yl)- 
l,5,6,7-tetrahydroindol-4-ones (35) (Scheme 10). Structures of the acyclo 
C-nucleosides 35 were proved by oxidation to the corresponding indole- 
carboxylic acids [66AQ(B)471]. Some 4-hydrazono derivatives of 35 were 
prepared (91MI1). 

aldehydo-Sugar derivatives (e.g., 36) reacted with 2-lithioindole to afford 
the indol-2-yl acyclo C-nucleosides (e.g., 37) [94CL265; 95JAP(K)95/ 
118268] (Scheme 11). 



R= Et . Pr . PhCH z ; 


Scheme 10 
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Scheme 11 


2. Indol-3-yl Acyclo C-Nucleosides 

Trapping the saccharide carbene 40, formed by copper-catalyzed thermal 
decomposition of 1-diazo-l-deoxyketose acetates (39), by 1-alkylindoles 
gave the acetylated 3-(2-ulos-l-yl)indoles 41 (67MI3; 68DOK849, 68MI3) 
(Scheme 12). 

Condensation of 1-alkylamino-l-deoxy-D-fructose (42) with cyclohex¬ 
ane-1,3-diones is a simple reaction that leads to 3-(D-arab/no-tetritol-l- 
yl)-l,5,6,7-tetrahydroindol-4-ones (45) in high yield [74JCS(P1)1237] 
(Scheme 13). 

The l,2,3,5,6,7-hexahydro-4-oxoindol-3-yl acyclo C-nucleoside 47 was 
formed upon catalytic reduction of the 2-hydroximinobenzofuranone deriv¬ 
ative 46. Chemical dehydrogenation of 47 gave the tetrahydroindol-3-yl C- 
nucleoside 48 [87JCS(P1)581] (Scheme 14). 


D. Benzo[c]pyrrole C-Nucleosides 

1. Phthalimid-3-yl C-Nucleosides 

Diels-Alder cycloaddition of maleimide onto the furan ring of 49 gave 
the oxabicyclo[2.2.1]hept-5-ene-2,3-dicarboxamide 50, which was aroma- 




R = Me,Et, Pr 


Scheme 12 
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Scheme 13 


tized and de-O-benzoylated to the 3-/3-D-ribofuranosylphthalmide 51 
(84JOC1534; 85MI9) (Scheme 15). 


E. Carbazole C-Nucleosides 

1. Carbazol-l-yl C-Nucleosides 

The C-nucleoside 53 was obtained by Lewis acid-catalyzed condensation 
of the 4-/3-D-ribofuranosyl-4-oxobutanal 52 with 2,3-iinsubstituted indoles 
[89JCS(P1)649] (Scheme 16). 

2. Carbazol-4-yl C-Nucleosides 

2-Allyl-l-phenylsulfonylindole reacted with the C-/3-D-ribofuranosyl- 
nitromethane 24 in the presence of phenyl-isocyanate (see Scheme 8) to 
give the carbazol-4-yl C-nucleoside 54 [87JCS(CC)680] (Scheme 17). 



46 


47 

Scheme 14 


48 
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49 R=PhCO 50 51 

Scheme 15 


F. Pyrido[3,4-6]indole C-Nucleosides 

1. Pyrido[3,4-b]indol-l-yl C-Nucleosides 
((3-Carbolin-l-yl C-Nucleosides) 

Pictet-Spengler reaction of 2,5-anhydro-D-mannose (55) and tryptamine 
hydrochloride (56) at ambient temperature affected the tetrahydropyri- 
dine ring formation of the (If?) and (lS)-l-(a-D-arabinofuranosyl)-l,2,3,4- 
tetrahydro-/3-carboline 57 [83CJC2721, 83JCS(CC)601] (Scheme 18). 


G. PYRIDO[3,4-f)]lNDOLE REVERSE C-NUCLEOSIDES 

1. Pyrido[3,4-b]indol-l-yl Reverse C-Nucleosides ((3-Carbolin-l-yl 
Reverse C-Nucleosides) 

The reverse C-nucleoside 59 was prepared by cyclocondensation of trypt¬ 
amine (56) with the protected C5 aldehydo function of 58 (95SC3027) 
(Scheme 19). 



Scheme 16 
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Scheme 17 


H. Pyrido[3,4-6]indole Acyclo C-Nucleosides 

1. The Naturally Occurring Pyrido[3,4-b]indol-l-yl Acyclo 
C-Nucleoside “Pyridindolol” 

Pyridindolol was isolated (75JAN555) from culture filtrates of Strep - 
tomyces alboverticillatus, and its structure was established as l-[lR)-2- 
dihydroxyethyl]-3-hydroxymethyl-9-//-pyrido[3,4-h]indole (60) (75JAN555, 



60 


75JAN876). Pyridindolol is a specific inhibitor of neutral bovine /3-galactosi- 
dase in acid media (75JAN555; 76JAN696). 

(R, S ) Pyridindolol (64) was synthesized by Pictet-Spengler reaction of 
tryptophan methyl ester with 2,3-O-isopropylidene-D-glyceraldehyde (61) 
as shown in Scheme 20 [78H(9)175; 79JOC535]. 



55 56 57 

Scheme 18 
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56 58 59 

-OCt^ 


Scheme 19 


2. Pyridol[4,3-b]indol-3-yl Acyclo C-Nucleosides (fi-Carbolin-3-yl 
Acyclo C-Nucleosides) 

Treatment of the previously mentioned 3-(2-ulso-l-yl)indoles 41 (Sec¬ 
tion II,C,2) with acetic anhydride and perchloric acid gave the indole[2,3- 
cjpyrylium perchlorates 65. Ammonium hydroxide in ether caused 
oxygen-nitrogen exchange and provided 66 [68DOK849, 68MI3] 
(Scheme 21). 
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Scheme 21 



NH 4 0H, ether 


CHgOAe 


66 


I. 1,2,4-Triazolo[4',3' :2,3]1,2,4-triazino[5,6-&]indole 
Acyclo C-Nucleosides 

1. l,2,4-Triazolo[4',3' :2,3]l,2,4-triazino[5,6-b]indol-3-yl 
Acyclo C-Nucleosides 

Hydrazone 69 (R = H) derived from 3-hydrazino-5//-l,2,4-triazino[5,6- 
b]indole (67, R = H) and aldose monosaccharides (68) produced the acyclo 
C-nucleoside (70, R = H) upon oxidative cyclization with iron(III) chloride 
(92BCJ546). The poly-O-acetyl derivatives of the 10-methyl and 10-ethyl 
congeners (70, R = Me or Et) were obtained in one step from the corre¬ 
sponding hydrazones (69, R = Me or Et) by cyclization with a mixture of 
bromine in acetic acid, anhydrous sodium acetate, and acetic anhydride 
(97UP1) (Scheme 22). 


III. Condensed 1,2-Diazole C-Nucleosides 

A. Pyrazolo[1 ,2-u]pyrazole Acyclo C-Nucleosides 
1. Pyrazolo[l,2-a]pyrazol-3-yl Acyclo C-Nucleosides 

The only reported acyclo C-nucleoside of this kind 75 was prepared 
by Hanisch and Henseke upon heating the 1,5:4,6-dianhydro-2,3-hexo- 
diulose bis(phenylhydrazone) 74 with copper(II) sulfate (68CB4170) 
(Scheme 23). 
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Scheme 22 


B. Indazole C-Nucleosides 
1. Indazol-3-yl C-Nucleosides 

Dehydrocyclization of the epimeric mixture of the indazol-3-yl acyclo C- 
nucleoside 77 (Section III,E) by heating with hydrochloric acid afforded 
mainly the 3-/3-D-ribofuranosylindazole 78 and its a-anomer (79JHC81) 
(Scheme 24). 



Scheme 23 
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C. Indazole Homo C-Nucleosides 

1. Indazol-3-yl Homo C-Nucleosides 

The indazol-3-yl homo C-nucleoside 81 was obtained by 1,3-dipolar 
cycloaddition of benzyne to the 2,5-anhydro-D-allonoyldiazomethane deriv¬ 
ative 80 (79JHC81) (Scheme 25). 


D. Indazole Reverse C-Nucleosides 
1. Indazol-3-yl Reverse C-Nucleosides 

Although 1,3-dipolar cycloaddition of benzyne or 4,6-dichlorobenzyne 
to the D-ribouronoyldiazomethane glycoside 83 afforded a single isomer 
(82) of this category of C-nucleosides, monosubstituted benzyne provided 
a mixture of the two isomers 84 and 85 in most cases (76JHC1241; 79JHC81) 
(Scheme 26). 



Scheme 25 
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84 R-H , R l= Br . Me, N0 2 

62 R=H, Cl 83 85 R=Br, Me ,N02 i R I = H 

Scheme 26 


E. Ind azole Acyclo C-Nucleosides 

1. Indazol-3-yl Acyclo C-Nucleosides 

Aldonoyldiazomethane acetates 39 were used to prepare 86 by cycloaddi¬ 
tion to arynes (76JHC1241) (Scheme 27). Acyclo C-nucleosides 86 showed 
a significant antitumor activity against HeLa cells (79JHC81). 


IV. Condensed 1,3-Diazole C-Nucleosides 

A. FURO[2,3-d]lMIDAZOLE ACYCLO C-NUCLEOSIDES 

1. Furo[2,3-d]imidazol-5-yl Acyclo C-Nucleosides 

The reaction product of 2-amino-2-deoxy-D-glucopyranose (87) with al¬ 
kyl or aryl isocyanates or isothiocyanates were previously assigned the 
structure of l,2-dideoxy-D-glucopyrano[l,2-d]imidazolidin-2-ones (89, Z = 


CfHNg 

r° 


(CH0Ac) 3 _ 4 

CHgOAc 




c=o 

(CH0Ac) 3 _ 4 

CHgOAc 


39 


Scheme 27 
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O) (56CB1246; 61HCA403; 750PP291; 79JAN436) or the corresponding 2- 
thiones (89, Z = S) [61AQ(B)379; 63LA(669)146; 64AQ(B)653; 
65NEP6507269, 65NEP6507271, 65NEP6507423]. Results of quantitative 
oxidation with sodium periodate or lead tetra-acetate [68HCA569; 
74AQ(C)57], 'H NMR [68HCA569; 84MI8; 86AQ(C)11; 91MI5], and 13 C 
NMR (91M15) spectral data, in addition to the X-ray crystallographic analy¬ 
sis [74AX(B)1801; 76AX(B)1363, 76AX(B)2115, 76CSC353, 76CSC369; 
78AX(B)184; 79AQ1002; 80AX(B)3048; 83AX(C)1418; 84AX(C)898; 
85AX(C)277, 85AX(C)1658; 86AQ(C)U, 86AX(C)454, 86AX(C)1659; 
91MI5; 93MI5; 95ZK506], however, indicated that these compounds are in 
fact the l,2-dideoxy-D-glucofurano[l,2-d]imidazolidin-2-ones (90, Z = O) 
and the corresponding 2-thiones (90, Z = S). Compounds 90 were produced 
from the initially formed 2-deoxy-2-ureido- or 2-thioureidoglucopyranoses 
88. The structure of compounds 90 conform with their classification as 
acyclo C-nucleosides, namely: la,4a,5,6-tetrahydro-6-hydroxy-5-[(2R)-l,2- 
dihydroxyethyl]-m-furo[2,3-d]imidazol-3-one (90, Z = O) or the corre¬ 
sponding 3-thioxo congeners 90 (Z = S) (Scheme 28). 

This reaction was applied to other 2-amino- and 2-alkylamino-2-deoxyal- 
dohexoses (91; n = 0, R = H, alkyl) [74AQ(C)57; 79AQ1002; 84MI7, 
84MI8; 86AQ(C)11; 87MI3; 88MI6; 90MI4; 91MI5; 93T2655; 94T3273; 
95ZK506], as well as 2-amino- and 2-alkylamino-2-deoxyaldoheptoses (91; 
n = 1, R = H, alkyl) (87MI2; 89MI4; 93T2676), to yield 96 or 97. Some 3- 
imino (90MI5) and 3-selenoxo derivatives (92MI4) of 96 or 97 were also 
prepared (Scheme 29). 

The broad-spectrum antibiotic sptreptozotocin 98 is a 2-deoxy-2-ureido- 
D-glucopyranose derivative and, consequently, afforded the furo[2,3-d]- 
imidazol-6-yl acyclo C-nucleoside 99 when treated with sulfamic acid or with 
hydrogen and palladium (67JA4808; 76JAN1218; 79JOC9) (Scheme 30). 



Scheme 28 
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94 95 96 97 


n= 0 or I ; Z = 0, S.Se. NH, R = H , Me.Et ,Pr, ArCH 2l R- H, Ar 
Scheme 29 

The 3-thioxo-furo[2,3-d]imidazol-6-yl acyclo C-nucleosides 101 undergo 
facile acid-catalyzed tetrahydrofuran ring opening to give the imidazol-4- 
yl acyclo C-nucleosides 100 (84MI11; 88MI8) and S-benzylation to 102 
(84MI6) (Scheme 31). 


B. Benzimidazole C-Nucleosides 

1. Benzimidazol-2-yl C-Nucleosides 

Heating 2-(D-tetritol-l-yl)benzimidazoles (103) (Section IV,C) with an 
acid in the presence of zinc(II) chloride caused dehydrocyclization of their 
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(CHOH) n + 2 (CHOH) n 

CH 2 0H CH 2 OH 


PhCH 2 CI 

NaHC0 3 



(CHOH)n 

CH 2 OH 


100 


101 102 
Scheme 31 


tetritol-l-yl chains to the corresponding 2-(a- or /8-D-tetrofuranosyl)ben- 
zimidazoles (104). The structure of 104 was confirmed by oxidation to 
benzimidazole-2-carboxylic acid (105) [40JBC(133)293; 45JBC(159)503] 
(Scheme 32). 

Benzimidazol-2-yl C-nucleosides (e.g., 107) were also synthesized by con¬ 
densation of anhydroaldonic acids such as 2,5-anhydro-o-allonic acid (106) 
with 1,2-diaminobenzene [50JBC(186)387; 69CCC247; 80JCS(P1)2683; 
86SC35] (Scheme 33). 



HO 0H HO OH 


106 107 


Scheme 33 
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C. Benzimidazole Acyclo C-Nucleosides 
1. Benzimidazol-2-yl Acyclo C-Nucleosides 

Condensation of 1,2-diaminobenzene with aldoses (68) in the presence 
of acids led to the formation of three products: l,2-bis(alditol-l-ylidene- 
amino)benzenes (108), 2-(alditol-l-yl)quinoxalines (111) (Section XII,G), 
and 2-(alditol-l-yl)benzimidazoles ( 112 ); the yield of the latter was mar¬ 
ginal. Formation of 111 and 112 was rationalized in terms of oxidation of 
the aldoses (68) to aldosuloses (109) and aldonic acids (110) that cyclo- 
condense with 1,2-diaminobenzene to give 111 and 112 , respectively 
(1887CB281,1887CB2205,1887CB3111; 1893CB3092; 01CB902; 34CB155, 
34CB898,34JA1248). This rationale was verified when the yield of benzim¬ 
idazoles 112 was made to considerably increase by carrying out the reaction 
in the presence of copper(II) acetate as an oxidizing agent (40JOC637; 
57JCS3961) or by employing aldonic acids or their lactones in place of 
the parent aldoses [39JA1266; 40JBC(133)293, 40NAT(L)559; 42JA1609; 
43JA994,43JA1854,43JBC(150)345; 44JA1912,44JCS339; 45JBC(159)503; 
50JA3882; 51JA855, 51JA4907; 52JA4521; 53JA4320; 56JA4491; 65JOC79; 
82MI8) (Scheme 34). The benzimidazole structure of 112 was conclusively 
proved by oxidation to benzimidazole-2-carboxylic acid (01CB902; 
34CB898). 

The plant-growth-regulating benzimidazol-2-yl acyclo C-nucleoside 116 
was prepared (93ZOR1643) by cyclocondensation of the aldehydro-D- 
arabinose derivative 113 and the quinonimine 114 (Scheme 35). 
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113 114 115 116 

Scheme 35 


The double-headed bis(benzimidazol-2-yl) acyclo C-nucleosides 118 were 
obtained from the reaction of 1,2-diaminobenzene with aldaric acids 
of various configurations (117) [29JA2225; 42JBC(143)551; 48BJ(42)2, 
50BJ(47)1; 73MI2] (Scheme 36). 

2-(Alditol-l-yl)benzimidazoles are far superior as derivatives for charac¬ 
terization of aldoses to hydrazones and osazones (51MI1; 58UK179; 
70CRV389,70MI1). They have been used to characterize sugars from Helix 
pomatia (41JCS125) and nucleic acids (43JCS625; 47JCS21). With racemic 
tartaric acid, they form diastereoisomeric salts that are resolvable to afford 
the two individual enantiomers of the acid [39JA1266; 48USP2456752; 
57NAT(L)367]. 5-Methyl-2-(L-ara6/no-tetritol-l-yl)benzimidazole showed 
antitumor activity against 6C3H-ED lymphosarcoma in mice (56JA4491). 

Some empirical rules were devised to correlate the configuration at Cl 
of the alditolyl chains (C2 of the parent sugar) of 2-(alditol-l-yl)benzimida- 
zoles with their polarimetric (42JA1612) and spectropolarimetric properties 
(67JA4129). The mass spectra of these compounds have been investi¬ 
gated (82MI8). 


HOOC-(CHOH) 4 - COOH 


H 2 N\ 
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V. Condensed Oxazole C-Nucleosides 

A. FURO[2,3-d]oXAZOLE Acyclo C-Nucleosides 
1. Furo[2,3-d]oxazol-5-yl Acyclo C-Nucleosides 

D-Glucose (119) reacted with potassium thiocyanate to give a product 
that was erroneously called the glucopyrano[3,2-d]oxazole (120) (36CB748; 
45JOC267) or the glucopyrano[2,3-d]oxazole (121) [38CB590; 52CI(L)- 
1034] structures. Quantitative oxidation with sodium periodate 
(54JCS2645), acid strength measurements (59ACSA1129), 'H NMR 
(68BCJ261), and 13 C NMR (91MI6) spectrometry, however, indicated that 
the product is actually the furo[2,3-d]oxazolidin-5-yl acyclo C-nucleoside 
123 (Z = S). This reaction was also applied to other aldohexoses (67CB845; 
94MI7). Potassium cyanate (54JCS2645; 91MI6; 94MI7; 95MI1; 96AJC409) 
and urea (89MI6; 91MI8) also reacted with aldoses to give the correspond¬ 
ing 123 (Z = O or NH) (Scheme 37). 

The 3,5,6-tri-O-benzoyl derivative 128 of 123 (R = PhCO) has been 
prepared by treating the 1,2-O-sulfinyl-a-D-glucofuranose derivative 124 
with sodium thiocyanate (95TL5347) (Scheme 38). 

l-Phenylfuro[2,3-d]oxazolidin-5-yl acyclo C-nucleoside 130 was obtained 
by cyclization of either of the l-[2-6>-(l-phenylcarbamoyl)-D-glucopyrano- 
syl]piperidine 129 (69JOC2654) or methyl 2-0-(phenylcarbamoyl)-a-D- 
glucopyranoside (131) [74ACSA(B)559] (Scheme 39). 
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B. FUR0[3,2-rf]0XAZ0LE Acyclo C-Nucleosides 
1. Furo[3,2-d]oxazol-5-yl Acyclo C-Nucleosides 

Ketalization (59CB1288; 64ACSA185) or acetalation (68IZV2655) of 2- 
benzamido-2-deoxy-D-glucose 132 took place with simultaneous sugar ring 
contraction and oxazoline ring formation; the product is the tetrahy- 
drofuro[3,2-d]oxazolin-5-yl acyclo C-nucleoside 133 having the fused rings 
of the heterocyclic system cir-fused. The oxazoline ring of 133 is stable to 
bases so that its C5 OH can be etherified [61NAT(L)495; 68JCS(C)1903] 
or esterified (62CB996) in basic media to the corresponding derivatives 
134. However, the oxazoline ring of 134 is even more sensitive to acids 
than are dioxolane rings; they undergo /3-glycosidation with alcohols in the 
presence of very dilute acids to 135 [63CB2019; 68JCS(C)1903] (Scheme 40). 

Treatment with sodium hydroxide caused evolution of diazomethane 
from the antibiotic streptozotocin (98) and formation of the 3a,5,6,6a- 
tetrahydro-6-hydroxy-5-[(2/?)-l,2-dihydroxy-ethyl]-c/s-furo[2,3-d]oxazol-2- 
one 136 (79JOC9) (Scheme 41). 



129 130 131 

Scheme 39 
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R=R'=Me; R=H,R' = Ph; R 2 - Me . PhCH 2 , CH 2 C00H, MeCHC00H,CH 2 CH=CH 2 .MeS0 2 

Scheme 40 


The 6-deoxy-L-congener 141 of 136 was obtained from 2-amino-2-deoxy- 
L-glucopyranose 137 as shown in Scheme 42 (76BCJ313). 


C. FUR0[3,4-rf]0XAZ0LE Acyclo C-Nucleosides 
1. Furo[3,4-d]oxazol-6-yl Acyclo C-Nucleosides 

Gigg and Warren cyclized the methyl 2-benzamido-2-deoxy-5,6-0- 
isopropylidene-4-0-methylsulfonyl-/3-D-glucopyranoside 135 to the furo- 
[3,4-d]oxazin-6-yl acyclo C-nucleoside 142 by treatment with sodium meth- 
oxide in methanol [65JCS1351, 65TL1303; 66JCS(C)1872] (Scheme 43). 
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D. Thiazolo[3,4-c]oxazole Acyclo C-Nucleosides 

1. Thiazolo[3,4-c]oxazol-7-yl Acyclo C-Nucleosides 

Cylocondensation of tetra-O-acetyl-a/defcydo-L-arabinose (143) with l- 
cysteine gave the thiazol-2-yl C-nucleoside 144 (76LA450). Acetylation of 
the latter gave the 7-(tetra-0-acetyl-D-arafrw0-tetritol-l-yl)thiazolo[3,4- 
c]oxazole 145 (94M189) (Scheme 44). 

2. Thiazolo[3,4-c]oxazoldi-l,7-yl Acyclo C-Nucleosides 

Treatment of the thiazol-2-yl acyclo C-nucleoside 144 with an additional 
molecule of 137 affected oxazole ring closure of the thiazolo[3,4-c]oxazole 
acyclo C-nucleoside 146 having two alditolyl chains (76LA450) (Scheme 44). 



135 142 


Scheme 43 
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Scheme 44 


E. Benzoxazole C-Nucleosides 

1. Benzoxazol-2-yl C-Nucleosides 

The 2-/3-D-ribofuranosylbenzoxazole 150 was formed upon reacting /3-d- 
ribofuranosylformimidate (148) with 2-aminophenol (86MI4) (Scheme 45). 

VI. Condensed Thiazole C-Nucleosides 

A. Pyrrolo[1,2-c]thiazole Acyclo C-Nucleosides 

1. Pyrrolo[l,2-c]thiazol-7-yl Acyclo C-Nucleosides 

Synthesis of the acyclo C-nucleoside 147 was achieved by [3+2] cycloaddi¬ 
tion of thiazolo[3,4-c]oxazole C-nucleoside 145 onto dimethylacetylene di- 
carboxylate (94M189) (Scheme 44). 



Scheme 45 
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Scheme 46 


B. Pyrazolo[5,1-&]thiazole Acyclo C-Nucleosides 

1. Pyrazolo[5,l-b]thiazol-3-yl Acyclo C-Nucleosides 

Reaction of l-bromo-l-deoxy-D-ga/acto-heptulose (151) with the pyra- 
zole derivative 152 in the presence of sodium methoxide gave the C- 
nucleoside 155 (86PHA548) (Scheme 46). 


C. Imidazo[2,1-£>]thiazole Acyclo C-Nucleosides 
1. Imidazo[2,l-b]thiazol-5-yl Acyclo C-Nucleosides 

The thiazole ring of the 5-(D-ara6mo-tetritol-l-yl)-imidazo[2,l-6]thiazol- 
ium date 160 was assembled onto the imidazole ring of 4-(tetra-0-acetyl- 
D-ara6mo-tetritol-l-yl)imidazoline-2-thione (156) by reaction with 2- 
bromophenylacetic acid (91MI7) (Scheme 47). 


D. Furo[2',3':4,5]imidazo[2,1-6]thiazole Acyclo C-Nucleosides 

1. Furo[2',3':4,5]imidazo[2,l-bJthiazol-6-yl Acyclo C-Nucleosides 

2-Thioxo-furo[2,3-</]imidazolidin-6-yl acyclo C-nucleoside acetate 161 
condensed with 2-bromophenylacetic acid to form 162, which cyclized by 
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Scheme 47 


heating and acetic anhydride and subsequent treatment with triethylamine 
to furo[2',3:4,5]imidazo[2,l-b]thiazolium-3-olate acyclo C-nucleoside ace¬ 
tate 165 (91MI7) (Scheme 48). 

E. Benzothiazole C-Nucleosides 
1. Benzothiazol-2-yl C-Nucleosides 

O-Protected glycofuranosyl cyanides (e.g., 166) [78KGS893; 81ACH 
(106)61; 82ACH(109)229] and glycopyranosyl cyanides (77MI6; 94MI5) 
reacted with 2-aminothiophenol to furnish the corresponding benzothiazol- 



164 165 


Scheme 48 
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F. Benzothiazole Carbocyclic C-Nucleosides 
1. Benzothiazol-2-yl Carbocyclic C-Nucleosides 

The carbocyclic C-nucleoside analog 177 pertaining to this class was 
prepared by coupling free radical 176 with benzothiazolium trifluoroacetate 
[94JCS(P1)2407] (Scheme 52) in a similar way to that used for the prepara¬ 
tion of 171. 


G. Benzothiazole Acyclo C-Nucleosides 
1. Benzothiazol-2-yl Acyclo C-Nucleosides 

Aldose monosaccharides (68), when condensed with 2-aminothiophenols, 
gave the 2-(alditol-l-yl)benzothiazolines (178) [51JA5908; 69ACH(62)65; 
70MI5; 74MI9; 77MI1]. In one case (77MI5), this reaction was reported to 
yield a mixture of the benzothiazol-2-yl (179) and benzothiazolin-2-yl (178) 
C-nucleosides. Acetylation of 178 affected both N- and O-acetylation to 
give 182, which were also obtained by condensation of 2-aminothiophenol 
with poly-O-acetyl-a/dehydo-sugars (180) followed by A-acetylation 
[69ACH(62)65; 70MI5] (Scheme 53). 

Poly-O-acetyl-benzothiazol-2-yl acyclo C-nucleosides 184 were prepared 
in good yields from the aldononitrile acetates (183) [69ACH(62)179; 
82ACH(109)229] or aldonoyl chloride acetates 38 [69ACH(62)179] by reac¬ 
tion with 2-aminothiophenols (Scheme 54). 

Synthesis by carbon-carbon bond formation between an acyclic sugar 
derivative and the benzothiazole ring system has also been utilized for the 
synthesis of these C-nucleosides. In one report, 2,3-O-isopropylidene-D- 
glyceraldehyde (61) was coupled with 2-trimethylsilylbenzothiazole to af¬ 
ford the A-nucleoside 185 as an intermediate, which underwent a 1,2- 
shift of the alditolyl chain to produce the C-nucleoside 186 (85TL5477) 
(Scheme 55). 
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According to other reports (73DOK99; 74JOC1374), C—C bond forma¬ 
tion was achieved by reacting 2-benzothiazolyl lithium with O-protected 
aldonolactones such as 187 to form the hemiacetal (lactol) type of C- 
nucleosides 188, which were reduced with sodium borohydride to 189 
(Scheme 56). 
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Scheme 54 
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Scheme 56 


The relation between CD spectral characteristics and configuration of 
the alditolyl chains of benzothiazol-2-yl C-nucleosides (72T4197) and their 
O-acetyl derivatives (73MI1) was studied. 


VII. Condensed l,2,3*Triazole C-Nucleosides 

A. FuRo[3,4-rf] 1,2,3 -triazole Acyclo C-Nucleosides 

1. Furo[3,4-d]l,2,3-triazol-4-yl Acyclo C-Nucleosides 

Oximation of dehydro-D- or L-ascorbic acid 2-arylhydrazones 191 fol¬ 
lowed by dehydrative cyclization and concomitant O-acetylation of the 
resulting 2-arylhydrazones-3-oximes 192 led to the formation of the 1,2,3- 
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Scheme 57 
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triazole ring of the furo[3,4-d]l,2,3-triazol-4-yl acyclo C-nucleosides 193 
(77MI7; 79MI8; 82MI7; 83MI10; 88MI1; 93MI1) (Scheme 57). 

VIII. Condensed 1,3,4-Thiadiazole C-Nucleosides 

A. 1 ,2,4-Triazolo[3,4-6] 1 ,3,4-thiadiazole 
Acyclo C-Nucleosides 

1. l,2,4-Triazolo[3,4-b]l,3,4-thiadiazol-6-yl Acyclo C-Nucleosides 

The only known examples of this sort are 196 and 198, and they 
were synthesized by cyclocondensation of 4-amino-3-aryl-l,2,4-triazole-5- 
thiols (195) with poly-0-acetyl derivatives of aldonic (194) or aldaric acids 
(197), respectively, in the presence of phosphoryl chloride (95PHA534) 
(Scheme 58). 

IX. Condensed Azine C-Nucleosides 

A. Cyclopenta[c]pyridine C-Nucleosides 

1. Cyclopenta[c]pyridin-3-yl C-Nucleosides 

Inverse [4+2]cycloaddition of the activated l,2,4-triazin-4-yl C-nucleo- 
side 200 with the electron-rich 1-pyrrolidinocyclopentene and subsequent 
elimination of a nitrogen molecule led to the formation of the cyclo- 
penta[c]pyridin-3-yl C-nucleoside 199 (95AP175) (Scheme 59). 



Ar = Ph . 4-Me-C 6 H4.4-MeO-C 6 H 4 ,4-01-0^4 


Scheme 58 
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B. Pyrrolo[2,3-6] pyridine C-Nucleosides 
1. Pyrrolo[2,3-b]pyridin-3-yl C-Nucleosides 

The reaction medium was found to be crucial in determining whether 
N- or C-alkylation of l-pyrrolo[2,3-6]pyridine magnesium bromide with 
aldehydo-sugat derivatives, such as 2,3,5-tri-O-benzyl-D-arabinofuranose 
202, will take place. Although predominant /V-alkylation occurred in THF, 
C-alkylation at C3 of the pyrrolo[2,3-b]pyridine system became almost 
exclusive in dichloromethane to give the 3-(D-/nanno-tetritol-l-yl)pyr- 
rolo[2,3-b]pyridine 203 as a single enantiomerically pure isomer as ascer¬ 
tained by H NMR, 13 C NMR, and reversed-phase HPLC. Acid-catalyzed 
dehydrocyclization of 203 gave a mixture of the two anomers of 204 
(91JOC5466) (Scheme 60). 

C. Pyrrolo[3,2-c]pyridine C-Nucleosides 
1. Pyrrolo[3,2-c]pyridin-6-yl C-Nucleosides 

Utilization of l-methyl-2-methylthio-2-pyrroline as a dienophile to react 
with 200 produced the l-methyl-6-(/3-D-ribofuranosyl)pyrrolidino[3,2-c] 
pyridine 201 (95AP175) (Scheme 59). 



202 R= PhCH 2 203 204 (cc: (3-87:12 %) 

Scheme 60 
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D. lMIDAZO[l,2-fl]PYRIDINE C-NUCLEOSIDES 

1. Imidazo[l,2-a]pyridin-5-yl C-Nucleosides 

Ribosylation of lithiated 2,6-dichloroimidazo[l,2-a]pyridine with the d- 
ribono-1,4-lactone derivative 187 occurred, unexpectedly, at C5 instead of 
C3 to afford the hemiacetal C-nucleoside 205. Compound 205 was O- 
acetylated and reductively deacetoxylated with triethylsilane in the pres¬ 
ence of a Lewis acid to the anomeric mixture of 206. The a : /3 ratio of 206 
depended on the Lewis acid (96TL2365) (Scheme 61). 

E. Imidazo[1,2-£i]pyridine Acyclo C-Nucleosides 
1. Imidazo[l,2-a]pyridin-3-yl Acyclo C-Nucleosides 

Imidazo[2,l-b]thiazolium-3-olate 160 (Section VI,C; Scheme 47) under¬ 
went rapid cycloaddition with acetylene mono- and dicarboxylic esters to 
give the imidazo[l,2-a]pyridin-3-yl acyclo C-nucleoside 208 through sulfur 
extrusion from the intermediate 207 (91MI7) (Scheme 62). 



187 R=Me 3 CSiMe z 205 206 

LTMP= Lithiated tetramethylpiperidine 

Scheme 61 



Scheme 62 
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The imidazo[l,2-a]pyrid-3-yl acyclo C-nucleoside 209 having a truncated 
thiosugar residue was synthesized and found to be markedly active against 
varicella zoster virus (94MI1). 


F. lMIDAZO[l,5-fl]PYRIDINE C-NUCLEOSIDES 
1. Imidazo[l,5-a]pyridin-3-yl C-Nucleosides 

The 2,5-anhydro-D-allonic acid imidate 210 (R = OR', Z = O) condensed 
with 2-aminomethylpyridine to form the corresponding amide 211. Dehy- 
drative cyclization of the latter gave 212 [84JCS(P1)229]. The reaction was 
also performed by employing the dithioate 210 (R = OR', R 3 = H, Z = 
S) [82MI6; 85JCS(P1)621] (Scheme 63). 


G. lMIDAZO[l,5-fl]PYRIDINE CARBOCYCLIC C-NUCLEOSIDE 

1. Imidazo[l,5-a]pyridin-3-yl Carbocyclic C-Nucleoside 

The C-nucleoside 219 was prepared from 8,9,10-trinorborn-5-en-2-ol 
(213) according to the total synthetic approach outlined in Scheme 64 
[86JCS(P1)393]. 



2. NH 3 / MeOH 

210 211 212 

R = H or OR 1 •, R= H or PhCO ; R*= H or PhCOi R 3 = H or Et, Z=0 or S 


Scheme 63 
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Scheme 64 


H. Imidazo[4,5-6]pyridine C-Nucleosides 
1. Imidazo[4,5-b]pyridin-2-yl C-Nucleosides 

In the presence of a coupling reagent (POB), the D-arabinohexulosonic 
acid derivative 220 condensed with 2,3-diaminopyridines to provide the 
amides 221. The 2-(j8-D-pentopyranosyl)imidazo[4,5-h]pyridines 222 
were then obtained by mild base-catalyzed cyclodehydration of 221 
[80JCS(P1)2683] (Scheme 65). 



Scheme 65 
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I. FURO[2',3':4,5]lMIDAZO[l,2-a]pYRIDINE Acyclo C-Nucleosides 

1. Furo[2', 3': 4,5]imidazo[l,2-a]pyridin-6-yl 
Acyclo C-Nucleosides 

Similar to the synthesis of 208, the furo[2',3' :4,5]imidazo[2,l-h]thiazol- 
ium-3-olate 165 (Section VI,D; Scheme 48) added acetylene carboxylic 
esters to give 223, which extruded sulfur to furnish 224 (91MI7) (Scheme 66). 

J. l,2,4-TRiAZOLo[l,5-a]pYRiDiNE C-Nucleosides 

1. l,2,4-Triazolo[l,5-a]pyridin-2-yl C-Nucleosides 

The initially formed l,2,4-triazolo[4,3-a]pyridin-3-yl C-nucleosides 226, 
which result from the reaction of the glycosylthioformimidates 225 and 
2-hydrazino-3- or 5-nitropyridines, underwent Dimroth rearrangement 
to the l,2,4-triazolo[l,5-<j]pyridin-2-yl C-nucleosides 227 (76JOC3124; 
78FRP2358154; 79MI1; 81JMC1291), which exhibit antiviral activity against 
the virus Sindbis (78FRP2358154) (Scheme 67). 



225 226 227 

R=H,R' = OH i R= OH, r'=H i R 2 = PhCO ; R 3 = N0 2 . R 4 = H ; R 3 = H . R 4 =N0 2 
Scheme 67 
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R= PhCOi R l= N0 2 , R 2 = H ; r'=H,R 2 =N02 

Scheme 68 


229 


K. 1,2,4-Triazolo[1,5-<j]pyridine Acyclo C-Nucleosides 
1. 1,2,4-Triazolo[l,5-a]pyridin-2-yl Acyclo C-Nucleosides 

Acyclo C-nucleosides 229 were synthesized by cyclocondensation of the 
thioimidates 228 with 2-hydrazino-3- or 5-nitropyridines (83JHC1169) 
(Scheme 68). 

L. 1,2,4-Triazolo[4,3-o|pyridine C-Nucleosides 
1. l,2,4-Triazolo[4,3-a]pyridin-3-yl C-Nucleosides 

2-Hydrazinopyridines reacted with glycosylthioformimidates (e.g., 230) 
(76JOC3124; 79MI1) or 2,5-anhydrohexoaldonic acids (e.g., 79) (78MI12) 
to yield, after de-O-protection, mixtures of the a- and /3-anomers of 234 
(Scheme 69). 

An interesting synthesis of these C-nucleosides utilized the easily accessi¬ 
ble 5-(/3-D-ribofuranosyl)tetrazoles 235 as masked C-glycosyl-diazometh- 
ane. Reacting 235 with 2-chloro-3-nitropyridine gave a mixture of 1,2,4- 
triazolo[4,3-a]pyridin-3-yl (236) and l,2,4-triazolo[l,5-a]pyridin-2-yl (237) 
C-nucleosides. The latter (237) resulted from thermally induced Dimroth- 
like rearrangement of the former (236) (86MI9) (Scheme 70). Compounds 
236 and 237 possess considerable cytotoxic effect (86MI9). 

M. l,2,4-Triazolo[4,3-a]PYRiDiNE Acyclo C-Nucleosides 
1. 1,2,4-Triazolo[4,3-a]pyridin-3-yl Acyclo C-Nucleosides 

As in the preparation of the cyclic analog 236, the l,2,4-triazolo[4,3- 
a]pyridin-3-y 1 acyclo C-nucleoside 239 was obtained, together with the 1,2,4- 
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R = PhCO 

Scheme 70 

triazolo[l,5-a]pyridin-2-yl acyclo C-nucleoside 240, by reacting the tetrazole 
acyclo C-nucleoside 238 and 2-chloro-3-nitropyridine (86MI9) (Scheme 71). 

N. Quinoline C-Nucleosides 
1. Quinolin-2-yl C-Nucleosides 

Glycosyl free radicals (242), generated by thermolysis (91T6559) or pho¬ 
tolysis of 2,5-anhydroaldonic acids (241, R = H) in the presence of hyperva- 
lent iodine compounds (HVICs) [91TL6559; 92TL7575; 93JCS(P1)2417], 
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Scheme 71 


as well as by photolysis of the 2-(thiopyridine)-/V-(2,5-anhydro-aldonoate) 
(241, R = 2 -C 5 H 4 NS) [91TL3377; 92CL1673; 94JCS(P1)2931], were cou¬ 
pled with lepidiniura salts to give mixtures of the a- and /3-lepidin-2-yl C- 
nucleosides (243). The stereoselectivity of the reaction (a//3 ratio) seems 
to be dependent on the structure of the sugar moiety [94JCS(P1) 2931] 
(Scheme 72). 

2. Quinolin-3-yl C-Nucleosides 

Carbon-carbon bond formation between the aldehydo-2-deoxy-D-hbose 
derivative 244 and 3-lithio-2-fluoroquinoline produced the two diaste- 
reoisomers of the quinolin-3-yl acyclo C-nucleoside 245. Separation of 
the two diastereoisomers, cyclization of their alditolyl chains, and de-O- 
protection gave the 3-(2-deoxy-/3-D-ribofuranosyl)quinoline 246 and its a- 
anomer (91TL3297) (Scheme 73). 

3. Quinolin-4-yl C-Nucleosides 

Elaboration of the 5-hydroxy-5-(/3-D-ribofuranosyl)furanone 247 to the 
2-carboxamidoquinolin-4-yl C-nucleoside 251 was achieved by reaction with 
aniline as shown in Scheme 74 [93H(36)2805]. 



241 



242 

R 2 = PhCHz , PhCO -, 
Scheme 72 


243 

HVIC=C 6 H 5 I(OAc )2 , or 
C 6 F 5 I(OCOCF3)2 
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O. Quinoline Homo C-Nucleosides 
1. Quinolin-2-yl Homo C-Nucleosides 

Togo, Yokoyama, and their co-workers prepared the lepidin-2-yl homo 
C-nucleoside 254 by C—C bond formation between the D-ribofuranosyl- 
methyl free radical 253, generated by photolytic or thermolytic decarboxyl¬ 
ation of the D-ribofuranosylacetic acid derivative 252, in the presence of 
HVIC, with lepidinium trifluoroacetate (91TL6559) (Scheme 75). 



250 251 

Scheme 74 
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Scheme 75 


P. Quinoline Carbocyclic C-Nucleosides 

1. Quinolin-2-yl Carbocyclic C-Nucleosides 

Coupling the cyclobutane free radical 176 with lepidinium camphor- 
sulfonate led to the formation of the carbocyclic C-nucleoside 255 
[94JCS(P1)2407] (Scheme 76). 


Q. Quinoline Reverse C-Nucleosides 
1. Quinoline-2-yl Reverse C-Nucleosides 

The first synthesis of these compounds (258) was reported in 1968 by 
Zhdanov et al. (68MI4) by applying the Doebner reaction to Schiff bases 
257 of the dialdo-D-xylopentofuranose derivative 256 (Scheme 77). Benzo- 
[/]quinolin-2-yl reverse C-nucleosides were also similarly prepared by the 
same group (69ZOB1413). 



175 176 255 


R= PhCO, PhCH 2 


Scheme 76 
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R+R-CeH,, i R= PhCHz , R=H, Me,Br 

Scheme 77 


Later, some of these C-nucleosides (e.g., 261) were synthesized by free 
radical C—C bond formation between the free radical 260, generated from 
the D-ribouronic acid derivative 259, and lepidinium trifluroacetate. Stereo- 
selectively of this coupling was attributed to the dominance of the steric 
bulk of the 1,3-dioxolane ring in 260 (92TL7575) (Scheme 78). 

The D-galactopyranose lepidin-2-yl reverse C-nucleoside 264 was ob¬ 
tained by coupling salts of 4-substituted quinolines with the free radical 
263 (93JOC959) (Scheme 79). 

2. Quinolin-4-yl Reverse C-Nucleosides 

Reaction of the free radical 263 with salts of 2-substituted quinolines 
such as quinaldine trifluoroacetate directed the coupling to position 4 of 
the quinoline ring system to give 265 (93JOC959) (Scheme 79). 


Me 



259 260 261 

Scheme 78 
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R. l,2,4-TRIAZOLO[4,3-a]QUINOLINE Acyclo C-Nucleosides 

1. l,2,4-Triazolo[4,3-a]quinolin-2-yl Acyclo C-Nucleosides 

The 1,2,4-triazole ring of 267 was formed by oxidative cyclization of 
aldehydo -sugar lepidin-2-yl-hydrazones (266) with iron(III) chloride 
(94MI6) (Scheme 80). 



(CH0H) 4 
I 4 
ch 2 oh 




(CH0H) 4 

CHgOH 


FeCU / EtQH 
Heat (- H 2 ) 



CHgOH 


68 


266 


267 


Scheme 80 
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S. Acridine Acyclo C-Nucleosides 
1. Acridin-9-yl Acyclo C-Nucleosides 

Cyclocondensation of D-mannose (268) with two molar equivalents of 3- 
amino-5,5-dimethylcyclohex-2-en-l-one gave the 9-(D-manno-pentitol-l-yl) 
acridine-1,8-dione 269 (80MI1) (Scheme 81). 

T. Isoquinoline C-Nucleosides 
1. Isoquinolin-l-yl C-Nucleosides 

Carrying out a Pictet-Spengler reaction between 2,5-anhydro-D-mannose 
(55) and dopamine hydrochloride (270) furnished the diastereoisomers 
of 6,7-dihydroxy-l,2,3,4-tetrahydroisoquinolin-l-yl C-nucleoside 271 [83 
CJC2721, 83JCS(CC)601] (Scheme 82). 



55 270 271 


Scheme 82 
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Scheme 83 


2. Isoquinolin-3-yl C-Nucleosides 

Pyrrolidin-l-yl-cyclohexene added to the activated 1,2,4-triazine ring of 
200 to form a bicyclic intermediate, which underwent elimination of a 
nitrogen molecule to give the tetrahydroisoquinolin-3-yl C-nucleoside 272 
(95AP175) (Scheme 83). 


U. Isoquinoline Acyclo C-Nucleosides 

1. Isoquinolin-l-yl Acyclo C-Nucleosides 

The acyclo C-nucleoside 274 having a branched alditolyl chain was ob¬ 
tained upon treatment of the 3-(isoquinolin-l-yl)-L-t/jreo-l,2-dihydroxypro- 
panoate 273 with methyllithium (92CJC1555) (Scheme 84). 



Scheme 84 


273 


274 
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Scheme 85 

2. Isoquinolin-3-yl C-Nucleosides 

Lithiated 2-(A,A-diethylcarboxamido)toluene (276) added diastereosel- 
ectively to the L-glyceraldehyde imine 275 to afford 277 as a single product; 
removal of the protective groups led to the free nucleoside 278 [89JC- 
S(CC)930] (Scheme 85). 


X. Condensed 1,2-Diazine C-Nucleosides 

A. Pyrazolo[3,4-J]pyridazine C-Nucleosides 
1. Pyrazolo[4,3-d]pyridazin-3-yl C-Nucleosides 

Addition of dimethyl acetylene dicarboxylate to the C-glycosyldiazo- 
methanes 279 formed the pyrazol-3-yl C-nucleoside 280. Annulation of a 
pyridazine ring to 280 was accomplished by cyclocondensation of their ester 
groups with hydrazine hydrate to produce 281 [70JCS(CC)313, 70TL4611; 
72CCC2798] (Scheme 86). 


OH 



279 280 281 
R=PhCH 2 , R + R = MeCMe s r‘= H, CH 2 OCH 2 Ph 


Scheme 86 
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B. PYRAZOLO[l',2':l,2]PYRAZOLC>[4,3-<f|PYRIDAZINE C-NUCLEOSIDES 
1. Pyrazolo[l ',2': l,2]pyrazolo[4,3-d]pyridazin-6-yl C-Nucleosides 

Stereoselective 1,3-dipolar cycloaddition of the azomethine imine 283, 
obtained by reacting acetaldehyde and the dihydropyrazolo[4,3-d]- 
pyridazin-4-one 282, with the acetylenic derivative 284 resulted in the con¬ 
struction of the second fused pyrazole ring of 285. Condensation of 282 
with the dialdoglucopyranose 286 instead of acetaldehyde gave the aldose 
azomethine imine 287, which added 284 to give the C-nucleoside 288 carry¬ 
ing two carbohydrate moieties (93FA231) (Scheme 87). 


C. PYRAZOLO[l',2' : l,2]PYRAZOLO[4,3-d]TETRAZOLO 
[l,5-fr]PYRIDAZINE ACYCLO C-NuCLEOSIDES 

1. Pyrazolofl ',2': l,2]pyrazolo[4,3-d]tetrazolo[l,5-b]pyridazin- 
10-yl Acyclo C-Nucleosides 


These acyclo C-nucleosides were prepared by an extension of the just- 
mentioned approach. The alditol-l-yl azomethine 291 added methyl acry¬ 
late to give 292. The absolute configuration at C8 and CIO of 292 was 



287 288 


Scheme 87 
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Scheme 88 


established by single-crystal X-ray analysis, and they were found to be in 
a trans relationship to each other [92T7965; 93FA231, 93JHC(30)1209] 
(Scheme 88). 

D. Imidazo[1 ,5-£>]pyridazine C-Nucleosides 
1 . Imidazo[l,5-b]pyridazin-7-yl C-Nucleosides 

The amides 293, prepared from 2,5-anhydrohexoaldonic acids (79) and 
6-aminomethylpyridazin-3-ones, were cyclodehydrated with phosphoryl 
chloride to the 2-chloroimidazo[l ,5-b]pyridazin-7-yl C-nucleosides 294 
[82MI6; 84JCS(P1)229; 85JCS(P1)621] (Scheme 89). 

E. 1 ,2,4-Triazolo[4,3-6]pyridazine C-Nucleosides 
1 . l,2,4-Triazolo[4,3-b]pyridazin-3-yl C-Nucleosides 

When cyclocondensed with 3-hydrazinopyridazine, D-ribofuranosylthio- 
formimidate (230) gave an anomeric mixture of 295, which was then sepa¬ 
rated and de-O-protected to the C-nucleoside 296 (81JHC893). Compounds 



R= PhCO i R 1 = H, Me 


Scheme! 
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296 were better obtained in the pure /3-anomeric form by coupling 3- 
hydrazinopyridazines with the 2,5-anhydro-D-allonic acid derivative 79 and 
subsequent cyclodehydration of the formed amides 297. C-Nucleosides 
296 were found devoid of antitumor or antiviral activities (89JMC1547) 
(Scheme 90). 


F. Cinnoline Acyclo C-Nucleosides 
1. Cinnolin-3-yl Acyclo C-Nucleosides 

The 3-(D-arab//io-tetritol-l-yl)cinnoline 301 was obtained together with 
the phenylosozone 302 upon heating aqueous acidic solutions of D-glucose 
or D-mannose (299) and phenylhydrazine (63CB2427) (Scheme 91). 

G. Phthalazine C-Nucleosides 
1. Phthalazin-5-yl C-Nucleosides 

Aromatization of the Diels-Alder adduct 303, obtained by addition 
of dimethylacetylene dicarboxylate to the 2-j8-D-ribofuranosylfuran 49, 
gave the 6-hydroxy-3-/3-D-ribofuranosylphthalate ester 304, which was O- 



79 297 298 

p s ph CO i R l= PhCHg I R z or H , Cl . NH Z , R 4 = Cl . NHz . OH . OMe 

Scheme 90 
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Scheme 91 


methylated to 305. Cyclization of the two adjacent ester groups of 305 with 
hydrazine hydrate took place with simultaneous de-O-benzoylation of the 
sugar residue to give the phthalazin-5-yl C-nucleoside 306 (85MI8) 
(Scheme 92). 


H. Pyrimido[4,5-c]pyridazine Acyclo C-Nucleosides 

1. Pyritnido [4,5-c]pyridazin-4-yl Acyclo C-Nucleosides 

Aldose pyrimid-6-ylhydrazones (307) underwent acetylation together 
with cyclodehydration to the 4-(poly-0-acetyl-alditol-l-yl)pyrimido[4,5- 
cjpyridazines 308 (81CPB629) (Scheme 93). 



305 


306 

Scheme 92 
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I. l,2,4-TRIAZOLO[3,4-fl]PHTHALAZINE C-NuCLEOSIDES 
1. l,2,4-Triazolo[3,4-a]phthalazin-3-yl C-Nucleosides 

Rosenthal and Lee prepared examples of these C-nucleosides (310) 
by cyclocondensation of the 2,5-anhydro-D-allonic acid 79 with 1-hydra- 
zinophthalazine in the presence of a coupling reagent (CR) (78MI12) 
(Scheme 94). 

J. l,2,4-TRIAZOLO[3,4-fl]PHTHALAZINE ACYCLO C-NUCLEOSIDES 
1. l,2,4-Triazolo[3,4-a]phthalazin-3-yl Acyclo C-Nucleosides 

A series of these acyclo C-nucleosides (312) were prepared from aldose 
phthalazin-l-ylhydrazones (311), which underwent facile thermal dehydro- 
genative cyclization to 312. The cyclization was expedited by catalytic dehy¬ 
drogenation with palladium on charcoal (81MI5; 83MI8; 89BCJ2701; 
91MI9) (Scheme 95). 



Scheme 94 
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Compounds 312 were also prepared by alternative routes that comprised 
cyclocondensation of aldonolactones (313) with 1-hydrazinophthalazines 
or aldonic acid hydrazides (315) with 1-chlorophthalazines. Their ace¬ 
tates 316 were obtained by direct acetylation of 312 or by condensation 
of aldonoyl chloride acetates (38) with 1-hydrazinophthalazines (90MI6) 
(Scheme 96). l,2,4-Triazolo[3,4-a]phthalazin-3-yl acyclo C-nucleosides de¬ 
rived from reducing disaccharides were similarly prepared (90MI2). 

The configuration-conformation relationship of the O-acetyl-alditol- 
1-yl chains of 316 was studied using 'H NMR (89BCJ2701; 91MI9). Com¬ 
pounds 312 were tested as agrochemicals against some insects, nema¬ 
todes, and herbs, but were found inactive (89BCJ2701; 91MI9). They 
served, however, as good corrosion inhibitors of aluminum in acid media 
(85MI1). 


XI. Condensed 1,3-Diazine C-Nucleosides 

A. PYRROLO[2,3-rf] PYRIMIDINE C-NUCLEOSIDES 
1. Pyrrolo[2,3-d]pyrimidin-6-yl C-Nucleosides 

Direct electrophilic, Lewis acid-catalyzed C-ribosylation of pyrrolo 
[2,3-d]pyrimidin-4-ones with 317 gave pyrrolo[2,3-d]pyrimidin-7-yl C- 
nucleosides 318. The latter were halogenated at C6 and de-O-benzoylated 
to 319, which showed good prophylactic activity against the lethal Semliki 
Forest virus infection in mice (90JMC2750) (Scheme 97). 
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R = H, Ph , PhCH 2 

Scheme 96 



R=PhCO ; R‘=H .Me ,PhCH 2 
X= Cl , Br 


Scheme 97 
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B. Pyrrolo [3, 2-d] pyrimidine C-Nucleosides 

1. Pyrrolo[3,2-d]pyrimidin-5-yl C-Nucleosides 

The previously discussed electrophilic C-ribosylation of 317 with 6- 
methylpyrrolo[3,2-d]pyrimidin-4-one took place at C5, giving 320 as a result 
of blocking C6 (90JMC2750) (Scheme 97). 

2. The Naturally Occurring Pyrrolo[3,2-d]pyrimidin-7-yl 
C-Nucleoside ‘‘9-Deazaadenosine’’ 

Rinehart et al. (93JA2504) noticed that the aqueous methanolic extract 
of the lyophilized cells of the cyanobacterium (blue-green alga) Anabaena 
affinis VS-1 exhibited strong cytotoxicity toward L1210 murine leukemic 
cells. Workup of the extract led to the isolation of two C-nucleosides, which 
were assigned the structures of 4-amino-7-(/3-D-arabino-furanosyl)-5//- 
pyrrolo[3,2-d]pyrimidine (9-deazaadenosine) (322) and 4-amino-7-(5'-0- 
a-D-glucopyranosyl-/3-D-ribofuranosyl)-5//-pyrrolo[3,2-d]pyrimidine (323) 
on the basis of MS, *H NMR, 13 C NMR, and UV spectral measurements 
(93JA2504). 



322 323 


The structure of the isolated 322 was further corroborated by direct 
comparison with synthetic 322, which was prepared in 1981 by Lim and 
Klein (81TL25), prior to isolation from the natural source, by a multistep 
plan that comprised construction of the heterocyclic system by starting 
from 2-formyl-2-/3-D-ribofuranosylacetonitrile (324) as shown in Scheme 
98 (81TL25). The 2',3'-dideoxy analog of 322 was similarly prepared 
(96MI2). 

C-Nucleoside 322 inhibited the growth of various types of mouse and 
human leukemic cells (81TL25; 93JA2504), colon carcinoma (83MI1, 
83MI3), and nine different human cell tumors (84MI1). Both 322 and 
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R - Ph3C i DBN = l,5-diazabicyclo[4-3.0]non-5-ene 
Scheme 98 

323 were found lethally toxic to the aquatic invertebrate Ceriodaphnia 
dupia (93JA2504). 

3. Pyrrolo[3,2-dJpyrimidin-7-yl C-Nucleosides 

The O-protected 9-deazaadenosine derivative 329 was transformed to 
other pyrrolo [3,2-d]pyrimidin-7-yl C-nucleosides (333 and 334) by perform¬ 
ing alterations in the sugar subunit (86MI11; 93MI7) (Scheme 99). The 
prepared compounds were active as antileukemic agents, yet were much 
less active than the parent 9-deazaadenosine (322) (86MI11). 

7-/3-D-Ribofuranosyl-3//,5//-pyrrolo[3,2-d]pyrimidin-4-one (9-deazaino- 
sine, 339) is another important C-nucleoside because of the various biologi¬ 
cal activities it possesses. It was synthesized from 324 as depicted in Scheme 
100 (80TL1013; 83JOC780). The 2',3'-dideoxy analog of 339 was prepared 
by similar reactions (96MI2). 

5'-Tritium-labeled 9-deazainosine was obtained by selective de-O-trityla- 
tion of 338, oxidation of the resulting C5' primary hydroxyl to an aldehydo 
function, and then reduction with sodium borotritide (88MI2). 9-Deazaino- 
sine (339) exhibited antitumor activity against several mouse and human 
tumor cells (83MI2; 86MI1) and antiprotozoal activity against the patho¬ 
genic protozoa Leishmania donovani, T. brucei gambiense. Trypanosoma 
brucei rhodesiense, T. cruzi [84AAC292; 85AAC33, 85JBC(260)9660; 
87AAC111, 87AAC1406], and Giardia lamblia (86MI2). It also showed 
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R = PhCOi R*=Me 2 CH , X- Br , Cl , I , PhCOO. 

Scheme 99 



R = Ph 3 C 


Scheme 100 
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antibacterial properties against Pneumocystis carnii pneumonia in immuno- 
suppressed rats (86AAC181; 87MI1) and has been suggested as a promising 
drug for the treatment of this disease, frequently encountered in immuno- 
suppressed patients and in patients with AIDS (87MI1). 

2,4-Dimethoxy-7-a-D-ribofuranosylpyrrolo[3,2-d]pyrimidine 343 was 
synthesized through ionic C—C bond formation by coupling the carb- 
anion of the active methylene group of 6-cyanomethyl-2,4-dimethoxy-5- 
nitropyrimidine and the D-ribofuranosyl chloride 340. The resulting 341 
was cyclized to 342 by catalytic reduction and then deprotected to 343 
(86JOC1058) (Scheme 101). 


C. PYRROLO[3,2-<f]PYRIMIDINE ACYCLO C-NUCLEOSIDES 
1. Pyrrolo[3,2-d]pyrimidin-7-yl Acyclo C-Nucleosides 

A number of 9-deazaadenosine acyclo C-nucleosides carrying different 
polyhydroxyalkyl chains (e.g., 351) were prepared by Buchanan and his 
group from 3-amino-2-cyanopyrrol-4-yl acyclo C-nucleosides (e.g., 349) 
through construction of their fused pyrimidine rings. Unfortunately, none 
of these compounds was found active against representative RNA and 
DNA viruses in cell cultures [91JCS(P1)195] (Scheme 102). 



R= Ph 3 C 


Scheme 101 
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349 350 

DBN = diazabicyclononane 

Scheme 102 


D. Furo[3,2-^]pyrimidine C-Nucleosides 

1. The Naturally Occurring Furo[3,2-dJpyrimidin-7-yl 
C-Nucleoside “Pyrrolosine” 

Searching for RNA inhibitors from natural sources, Ikegami et al. isolated 
a compound from the culture broth of Streptomyces alba A282 that halted 
embryonic development in starfish (Asterina pectinifera) as a result of inhib¬ 
iting RNA synthesis (90JA9668). Studying the MS, UV, 'H NMR, 13 C 
NMR, and X-ray diffraction data of the isolated compound, the same group 
concluded that the structure of this compound is 7-/3-i>ribofuranosylpyr- 
rolo[3,2-d]pyrimidin-4-one (9-deazainosine, 339) and named it “pyrrolos¬ 
ine.” Physical and biological properties of the isolated compound, however, 
were found (90JA9668) to be different from those of 339, which was synthe¬ 
sized by Klein and his group prior to the isolation of pyrrolosine (80TL1013; 
83JOC780) (Section XI,B,3). Accordingly, pyrrolosine was reinvestigated 
and the results were published 2 years later by both the American (92JA668) 
and the Japanese groups (92MI1), who revised the structure to 4-amino-7- 
/3-D-ribofuranosyfuro[3,2-d]pyrimidine (7-oxa-7,9-dideazaadenosine, 355). 
The erroneous elucidation of structure was attributed (92JA668, 92MI1) 
to misinterpretation of X-ray data (90JA9668), and a suggestion has been 
made to rename pyrrolosine in a way that reflects the actual structure 
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(92JA668). The revised structure was further established (92JA668) by 
direct comparison with synthetic 355 prepared as shown in Scheme 103 
(86TL815; 90MI8). 

In addition to inhibition of RNA synthesis, pyrrolosine inhibited growth 
of transformed human fibroblast KMST-6 cells and mouse mammary carci¬ 
noma FM3A cells (90JA9668). However, it was 10-fold less active than 
9-deazaadenosine 322 against mouse L1210 (86TL815; 90MI8) and P815 
leukemia cells in vitro (86TL815). 

The inosine 356, thioinosine 357, and dithioxanthosine 358 analogs of 
355 were also prepared from 324 by synthetic plans comparable to that 
depicted in Scheme 103 (90MI8). The inosine analog 356 exhibited activity 
against the pathogenic protozoa Leishmania donovani and Trypanosoma 
gambiense (90MI8). 



354 


355 

Scheme 103 



356 
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E. THIENO[3 ,2-d\ PYRIMIDINE C-NUCLEOSIDES 
1. Thieno[3,2-d]pyrimidin-7-yl C-Nucleosides 

7-/3-D-Ribofuranosyl[3,2-d]pyrimidin-4(3//)-one (7-thia-7,9-dideazaino- 
sine, 363) was synthesized from 324 by the multistep elaboration of both 
rings of its heterocyclic system as detailed in Scheme 104 (82JOC4633). C- 
Nucleoside 363 significantly inhibited growth of L1210 and P815 leukemia 
cells in mice (82JOC4633), revealed antiprotozoal activity against Leish- 
mania donovani [85JBC(260)9660], and very weakly inhibited human eryth¬ 
rocytic nucleoside phosphorylase (86MI1). 

3',5'-Di-0-protection of 363 and deoxygenation of C2' OH gave its 2'- 
deoxy analog (86MI11). 


F. Thieno[3,2-<2]pyrimidine Acyclo C-Nucleosides 
1. Thieno[3,2-d]pyrimidin-7-yl Acyclo C-Nucleosides 

The thieno[3,2-d]pyrimidine system of 367 was constructed onto the 
acyclic sugar derivative 346. This acyclo C-nucleoside (367) did not inhibit 
a number of DNA and RNA viruses in cell cultures [91JCS(P1)195] 
(Scheme 105). 



Scheme 104 
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Scheme 105 


G. THIENo[3,4-rf] PYRIMIDINE C-NUCLEOSIDES 
1. Thieno[3,4-d]pyrimidin-7-yl C-Nucleosides 

Under the catalytic effect of tin(IV) chloride, l-0-acetyl-2,3,5-tri-O- 
benzoyl-a-D-ribofuranose (368) regiospecifically C-glycosylated 4-formamido- 
3-methoxycarbonylthiophene at C5 to give a mixture of the two anomers 
of 369. Annulation of the pyrimidine ring of the 6-thia-7,9-dideazainosine 
370 was achieved by reacting 369 with formamidine acetate [88TL3537; 
90MI7; 93JHC(30)509]. C-Nucleoside 370 was further elaborated to the 
adenosine analog 373 (Scheme 106) and the 6'-iodo-6'-deoxyinosine analog 
375 (Scheme 107) [93JHC(30)509]. Compounds 370 and 372 proved cyto¬ 
toxic to L1210-C1, sarcoma 180, and HL60 tumor cell lines, whereas 375 
effectively inhibited purine nucleoside phosphorylase [93JHC(30)509], 


H. Pyrazolo[1 ,5-o]pyrimidine C-Nucleosides 
1. Pyrazolo[l,5-a]pyrimidin-3-yl C-Nucleosides 

In basic media, 1,3-dimethyluracil transferred an a, /3-unsaturated keto 
moiety to the 3-aminopyrazol-4-yl C-nucleoside 376, providing the comple¬ 
mentary carbon fragment to annulate the pyrimidine ring of 377. Removal 
of the O-protective groups of 377 with methanolic hydrochloric acid caused 
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Scheme 106 


sugar ring enlargement to afford the 3-/3-D-ribopyranosylpyrazolo[l,5-a] 
pyrimidin-7-one 380 (86JHC349) (Scheme 108). 

2. Pyrazolo[l,5-a]pyrimidin-7-yl C-Nucleosides 

Cyclocondensation of the C-glycoside enaminone 381 with 3-aminopyra- 
zole and removal of the protective groups gave the C-nucleoside 382 
[95H(41)507] (Scheme 109). 



370 


374 

Scheme 107 


375 


R= PhCO 
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379 


Scheme 108 


380 


I. P YRAZOLO[3,4-rf]PYRIMIDINE C-NUCLEOSIDES 
1. Pyrazolo[3,4-d]pyrimidin-6-yl C-Nucleosides 

Cyclocondensation of the ribofuranosylthioformimidates 230 with 3- 
amino-4-cyanopyrazole gave, stereospecifically, the 6-/3-D-ribofuranosyl- 
pyrazolo[3,4-d]pyrimidin-4-one 385 [73JCS(CC)680]. However, the reac¬ 
tion with 3-amino-4-ethoxycarbonylpyrazole was stereoselective to give the 
two anomers of 385; the /3-anomer preponderated (75JOC2825) (Scheme 
110 ). 



382 


381 


Scheme 109 
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J. PYRAZOLO[4,3-d]PYRIMIDINE C-NUCLEOSIDES 

1. The Naturally Occurring Pyrazolo[4,3-d]pyrimidin-3-yl C- 
Nucleosides “Formycin,” “Formycin B,” and Their Congeners 

The antibiotic formycin was first isolated in 1964 from culture filtrates 
of the protoactinomycete Nocardia interforma [64JAN(A)96; 66JAP66/ 
17629; 83MI11]. Formycin, together with another related C-nucleoside, 
formycin B (laurusin), was also isolated from the same organism in 1965 
[65JAN(A)175] and from Streptomyces lavendula at the early stage of 
culture growth (65ABC375). The amount of formycin B increased while 
that of formycin decreased until it disappeared with aging of S. lavendula 
cultures, which implied that formycin might be the precursor of for¬ 
mycin B (65ABC375). Other streptomycetes, namely, Streptomyces S-685 
(67JAN(A)49], 5. gunamaences (67JAP67/10928), and 5. M406-A-1 
(74JAN909; 75JAN965), also produced formycin. 

The 7-amino-3-/3-D-ribofuranosylpyrazolo[4,3-d]pyrimidine structure 386 
of formycin (the C-nucleoside isoster of adenosine) and 3-/3-D-ribofura- 
nosylpyrazolo[4,3-d]pyrimidin-7-one structure 387 of formycin B (the C- 
nucleoside isoster of inosine) were elucidated on the basis of degradation 
[66JAN(A)91], UV, ’H NMR [66JHC110; 77ZN(C)528], and MS results 
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(69JHC459). Formycin (386) can be deaminated to formycin B (387) both 
chemically by treatment with acids (65ABC377) or sodium nitrite 
[65JAN(A)178] and enzymatically by adenosine deaminase from various 
sources [65ABC377, 65JAN(A)175, 65JAN(A)178, 65JAN(A)191; 
68JAP68/759; 69BBA(174)696,69JBC(244)3243; 75MI1). However, anima¬ 
tion of formycin B (387) to formycin (386) was made by adenylsuccinic 
synthetase from Pseudomonas ftuorescenes and Streptomyces kasugaensis 
(68JAN334) (Scheme 111). 

Oxoformycin B, 3-/3-D-ribofuranosylpyrazolo[4,3-d]pyrimidine-5,7-dione 
(388) (the C-nucleoside isoster of xanthosine), was isolated from urine of 
rabbit and mice injected with formycin (386) or formycin B (387) (68JAN1, 
68MI1) as a result of biological oxidation with hepatic aldehyde oxidase 
(69JAN36; 70MI3). Nocardia interforma and Streptomyces kasugaensis are 
able to transform formycin B (387) to oxoformycin B (388) by oxidation 
with xanthine oxidase (68JAN334). 

X-ray analysis of formycin hydrobromide monohydrate revealed its exis¬ 
tence in the classical syn conformation 389 in which N6 is protonated, HI 
migrated to N2, and an H-bond is formed between 05' and N4 [66TL597; 
74AX(B)1511; 75ANY3]. The conformation of formycin monohydrate, 
however, was found to be intermediate between the classical anti and 
syn conformations (68PNA1494; 73B1196; 75ANY3). Conformations of 
formycin B and oxoformycin B were found to correspond to the anti 
form 390 and the syn form 391, which is stabilized by an intramolecular 
N4-H • • • 05' H-bond, respectively [76AX(B)813]. 



386 387 388 

a, acid or NaN02 + H + : b, adenosine deaminase ; c, adenylosuccinic 

synthetase; d, xanthine oxidase; e, hepatic aldehyde oxidase 
Scheme 111 
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'H and 13 C NMR measurements (73JA4761, 73JHC431; 76JA4736; 
84MI10) indicated the predominance of the Nl-H tautomer (386) over the 
N2-H (392) tautomer for formycin and the amide form (387) over the imidic 
acid form (393) for formycin B. 



386 392 387 393 


Fluorescence [69JBC(244)1228; 77JHC135] and luminescence (82MI2) 
spectra of formycin, as well as fluorescence and ORD spectra of oxofor- 
mycin B [75ZN(C)835], were studied. 

Biosynthetic studies pinpointed the importance of lysine and glutamate 
during the biosynthesis of formycin [71JAN(A)253,71PAC489; 74JAN909; 
76JAN638; 79JBC(254)8819; 80JCS(CC)917]. 

Because of their isosteric relationship, formycin can replace adenosine 
in many biochemical processes (biological mimicking) [67JBC(242)3868; 
68BBA(155)82, 68BBA(174)696, 68JBC(243)3214, 68MI2; 69MI1, 69MI2, 
69PNA581; 70PNA539; 72JBC(247)4014; 74MI2; 75JAN965; 79MI2, 
79MI3, 79MI4], Consequently, formycin displays a wide range of biological 
activities (70MI2; 75MI4; 78MI11; 79MI4; 81MI2; 82MI1; 83MI3). Among 
these activities are antiviral [66JAN(A)286; 67JAN(A)49, 67JAN(A) 
129, 67JAN(A)297; 75MI2; 85MI2], antibacterial [64JAN(A)96; 65JAN 
(A)178, 65JAN(A)259; 66JAP66/17629; 67JAN(A)308, 67JAP67/21755; 
68JBC(243)3532; 78B2350], and antiprotozoal against Schistosoma mansoni 
(74MI1), Trypanosoma cruzi (the causative agent to Chaga’s disease) 
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(83MI5), Leishmania donovani [81BBR(100)1377], and L. tropica (83 
AAC233). Formycin inhibited also the growth of various types of tumors 
[64JAN(A)96, 64JAN(A)124; 65JAN(A)259; 66JAP66/17629; 67JAN 
(A)227,67JAN(A)277,67MI1,67MI2; 68JAN5; 69MI1), increased vascular 
permeability in rat skin [67JAN(A)369], and selectively inhibited low- 
molecular-weight RNA [73BBA(312)292], Unfortunately, many of these 
activities diminish with time because of the ready conversion of formycin 
to the much less active formycin B by adenosine deaminase (ADA) 
(76MI1). In the presence of coformycin (6,7,8-trihydro-8-hydroxy-3-/3-D- 
ribofuranosylimidazo[4,5-d]l,3-diazepine (394, R = OH)}, 2'-deoxycofor- 
mycin (394, R = H), or isocoformycin (395), the deamination of formycin 
by ADA is strongly inhibited and the biological activities are enhanced 
[67JAN(A)227, 67JAN(A)308; 75MI3; 76MI1; 77MI1; 78MI1; 80JAN303]. 




394 R = OH, H 395 

Albeit of less pronounced magnitude, formycin B possesses anti¬ 
viral [66JAN(A)286; 67JAN(A)129; 75MI2], antibacterial [65ABC375, 
65JAN(A)175, 65JAN(A)178, 65JAN(A)259; 68JAN264], antiprotozoal 
[81BBR(100)1377; 82BBR(108)349; 83AAC233, 83PNA288; 85JBC 
(260)9660], and antitumor activities [65JAN(A)259; 68JAN5], 

The first synthesis of formycin (386) was reported in 1971 using the 
nucleoside-nucleoside transformation approach [71JCS(C)2443]. Formycin 
B (387) was O-acetylated and transformed to the 6-chloropyrazolo[4,3- 
d]pyrimidin-3-yl derivative 396. Amination of 396 with liquid ammonia 
gave formycin (386) (Scheme 112). 

Synthesis of formycin by the stepwise assembly of the pyrazolopyrimidine 
system onto the sugar moiety was accomplished by Kalvoda in Czechoslova¬ 
kia (78CCC1431). The starting material utilized in this synthesis was the 
3-cyano-3-j8-D-ribofuranosylacrylate derivative 397, which was cyclized with 
aminoacetonitrile to the pyrazol-3-yl C-nucleoside 398 and then elaborated 
to 386 (Scheme 113). 

A carefully designed synthesis of formycin was published by Buchanan 
and his group in Scotland and involved a cine-substitution of the 1,4-dinitro- 
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387 396 386 

Scheme 112 


3- pyrazol-3-yl C-nucleoside 403 with cyanide ion to give the 3(5)cyano-4- 
nitro-5(3)-/3-D-ribofuranosylpyrazole 405. Catalytic reduction of 405 to the 

4- amino compound 406 followed by cyclization with formamidine acetate 
gave formycin triacetate, which was de-O-acetylated to formycin 386 
[80CJC2624, 80JCS(CC)237] (Scheme 114). 

Formycin B (387) was prepared [71JCS(CC)986] from the 5-carbam- 
oyl-4-hydrazinocarbonyl-3-/3-D-ribofuranosylpyrazole 407 (70TL4611; 

72CCC2798) through transformation to the 4-amino-5(3)methoxycarbon- 
ylpyrazol-3(5)-yl C-nucleoside 411. Cyclization of 411 by heating with 
formamide and de-O-protection of the sugar moiety produced formycin B 
(387) (Scheme 115). 

Starting with 405, Buchanan et al. synthesized formycin B (387) by an- 
nulating the pyrimidinone ring. Compound 405 was transformed to the 4- 
amino-5(3)-carbamoyl-3(5)-/3-D-ribofuranosylpyrazole 415 and then cy- 
clized with formic acid and de-O-acetylated to 387 [84JCS(P1)2367; 84T119; 
86JCS(P1)1267] (Scheme 116). 



400 401 386 

Scheme 113 
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Scheme 114 


Oxoformycin B (388), the catabolite of formycin and formycin B, was 
synthesized before the parent nucleosides in 1970 from the 2,5-anhydro-l- 
ureido-D-allitol derivative 416. Compound 416 was used to build the 4,5- 
dimethoxycarbonylpyrazol-3-yl C-nucleoside 419, followed by construction 
of the fused pyrimidine ring as shown in Scheme 117. Selective amidation 
of the ester function at C5, rather than that at C4, is a key step during this 



407 408 409 



Scheme 115 
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synthesis (70TL4611; 72CCC2798) (Scheme 117). The 3-/3-D-arabinourano- 
syl congener of 388 (ara-oxoformycin B) was also synthesized by a similar 
synthetic scheme (74MI6). 

Chemical deamination of formycin (386) with nitrosyl chloride as well 
as oxidation of formycin B (387) with bromine in water also led to the 
formation of oxoformycin B (388) (84JHC1865) (Scheme 118). 

Cyclization of the 4-amino-5(3)-cyano-3(5)-/3-D-ribofuranosyl-pyrazole 
406 with carbon disulfide in pyridine formed dithioxoformycin B (425), 
most probably through the intermediate 424 (88MI7) (Scheme 119). 

The pyrazolo[4,3-d]pyrimidinone C-nucleoside (5-aminoformycin B) 431, 
a C-guanosine analog, was obtained by cyclization of the 4-amino-5(3)- 
carboxamidopyrazol-3(5)-yl C-nucleoside 415 as detailed in Scheme 120. 
The pyrazole C-nucleoside 427 was formed upon acid-catalyzed pyrimidine 
ring opening of formycin 6-oxide 426 (82JA1073). Alternatively, the synthe¬ 
sis of 431 was accomplished by transforming oxoformycin B (388) to the 
dichloro compound 432, selective amination and deamination at Cl, and 
amination at C5 of 433 (91MI10) (Scheme 120). 

The thio analog 437 (5-aminothioformycin B) of 431 was synthesized by 
a similar plan from 434 as depicted in Scheme 121 (81MI1; 84JOC528). 
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436 


437 

Scheme 121 


Formycin 6-oxide (426) was the starting substance used for the prepara¬ 
tion of 7-amino-3-/3-D-ribofuranosylpyrazolo[4,3-rf]pyrimidin-5-one 439 
(oxoformycin). Photo-hydrolytic pyrimidine ring opening of 426 gave the 5- 
cyano-4-ureidopyrazol-3-yl C-nucleoside 438, which recyclized to 439 when 
treated with ammonium hydroxide [84JCS(P1)2421] (Scheme 122). An¬ 
other route to obtain 439 was the direct oxidation of formycin (386) with 
bromine in water; the increased double-bond character between N4 and 
C5 facilitated the formation of intermediate 441, which then underwent 
spontaneous elimination of HBr to give 439 (84JHC1865) (Scheme 122). 

The aptitude of formycin to biomimic adenosine justified the synthesis 
of many of its derivatives that comprised alterations in the heterocyclic 
and/or the sugar moieties. Studying the biological activities of the altered 
formycins provided valuable results concerning the structure-biological 
and conformation-biological activity relationships. Primarily, a suggestion 
has been made linking biological activities of formycin and its derivatives 
to their conformation: bulky groups at proper sites of the heterocyclic 
system cause conformational preference due to restriction of rotation about 
the C-glycosidic bond, a situation that affects biological activities. Special 
attention was directed toward the preparation of various methyl derivatives 
of formycin that prefer particular conformations in order to validate or 
refute this hypothesis. Methylation of formycin (386) with methyl iodide 
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386 440 441 

Scheme 122 


in a basic medium caused preferential methylation of the pyrazole ring and 
gave a mixture of 1-methyl- and 2-methylformycins (442 and 443) in the 
ratio of —1:6, respectively (74JOC2023). Deamination of 442 (84MI12) 
and 443 (74JOC2023; 80JA2817) with nitrosyl chloride gave 1-methyl- and 
2-methylformycin B, respectively (445 and 446). 1-Methylformycin (442) 
was obtained as a single product by heating formycin (386) with dimethyl- 
formamide dimethylacetal; the initially formed 7-(dimethylamino- 
methylene)amino intermediate 444 underwent intramolecular methylation 
to afford 442 (75JA5896; 78MI2) (Scheme 123). 

Contrary to basic methylation, methylation of formycin with methyl io¬ 
dide in neutral media gave a mixture of 4-methyl- and 6-methylformycins 
(447 and 448) in the ratio 2:1. Deamination of 447 and 448 afforded 4- 
methyl- and 6-methylformycin B 449 and 450, respectively (80JA2817) 
(Scheme 124). 

The p K a measurements of the various methylformycins indicated that 
methylation of the pyrimidine ring nitrogens caused a significant increase 
in basicity, whereas methylation of the pyrazole ring nitrogens did not 
noticeably change the basicity as compared to that of formycin (80JA2817). 
Comparing the results of introducing methyl groups at the different nitro¬ 
gens of formycin on biological activities such as adenosine deaminase sub¬ 
strate activity (74JMC62; 77MI2; 78JAN456), antiviral activity (75MI2), 
and antitumor activity (74JOC2023; 79MI5) invalidated the dependence of 
activities on conformation (syn or anti). Accordingly, electronic, steric, and/ 
or structural parameters were considered to be the major influences on 




Scheme 124 
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biological activities (79MI5). The methyl group at N1 of 1-methylformycin 
(442) was found to block binding to the adenosine deaminase active site 
(79MI5). 

Many modifications were performed on the heterocyclic system of for- 
mycin and formycin B, which included the preparation of 451-453 



HO OH HO OH HO OH 


451 452 453 

R = H , Br, I , NEt 2 . NHMe, NMe 2 Z - S,SeY= SMe, SChfe CH = CH 2 

NMe 3 CI~ NHOH,NHNH 2 , SeMe , SeCH 2 Ph . 

OMe SeCH 2 C 6 H4-N0s>-p 

[66JAN(A)93; 72JCS(P1)2677; 82JMC1334; 85JMC1740; 86NAR1747; 
95JA5951], some of which possessed antitumor (68JAN468), antibacterial 
[66JAN(A)93; 68JAN468] and antiviral activities [79MI2; 82JMC1334]. 

Formycin and formycin B with modified sugar subunits have also been 
prepared using, mostly, the nucleoside-nucleoside approach. In one in¬ 
stance, however, 2'-deoxyformycin B (458) was prepared by regio- and 
stereospecific palladium-mediated C—C bond formation between the fu- 
ranoid glycal 454 and protected 3-iodopyrazolo[4,3-d]pyrimidine. The C- 
nucleoside 455 having an unsaturated sugar moiety was subsequently elabo¬ 
rated to 458 (92JOC4690) (Scheme 125). 

2'-Deoxy- and 3'-deoxyformycins (463 and 464) were obtained as a 2:3 
separable mixture by treatment of formycin (386) with a-acetoxyisobutyryl 
chloride in the presence of sodium iodide. The 2'-iodo-2'-deoxy- and 3'- 
iodo-3'-deoxy intermediates (459 and 460) were reductively dehalogenated, 
de-O-blocked, and separated to afford 463 and 464. Enzymatic deamination 
of the latter with adenosine deaminase gave 2'-deoxy- and 3'-deoxy- 
formycin B (458 and 465) (73CJC1313) (Scheme 126). The same products 
were also obtained with a-acetoxyisobutyryl bromide (73JOC3179; 87S879), 
followed by catalytic (73JOC3179) or chemical (87S879) reductive debromi- 
nation of the produced 2'-bromo-2'-deoxy and 3'-bromo-3'-deoxy conge¬ 
ners of 459 and 460. 
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Scheme 127 


2'-Deoxyformycin (463) was prepared as a sole product from formycin 
(386) by protection of 03' and 05' followed by introduction and reductive 
removal of a 2' -O-phenoxythiocarbonyl group (85JMC1096; 89MI3) 
(Scheme 127). 2'-Deoxyformycin B was also prepared from formycin B 
according to the latter route (89MI3). 

Neither 2'-deoxy- nor 3'-deoxyformycins inhibited herpes simplex type 
1 virus (92JMC4576), yet 2'-deoxyformycin showed potent in vitro growth 
inhibition of S49 lymphoma cells (85JMC1096). 2'-Deoxyformycin was in¬ 
troduced into triplex-forming oligonucleotide sequences (92MIP1; 94MI9; 
95JOC7094) useful in the treatment of HIV-1 infection (92MIP1). 

2',3'-Dideoxyformycin (470) was synthesized by reductive removal of 
the 2'-0-phenoxythiocarbonyl group from the 3'-deoxyformycin derivative 
469 [89BBR( 161)910; 90S411]; it was found ineffective in inhibiting HIV 
replication [89BBR(161)910] (Scheme 128). 

5 '-Deoxy-5 '-halogenoformycins (471) (86MI10; 87S879; 92JMC4576), 5'- 
chloro-3',5'-dideoxyformycin (472) (92JMC4576), 5'-chloro-2',5'-dideoxy- 
formycin (473) (92JMC4576), 5'-chloro-2',3',5'-trideoxyformycin (474) 
(92JMC4576), and 5'-chloro-5'-deoxyformycin B (475) (86MI10) were pre¬ 
pared from the parent C-nucleosides by modifying their sugar residues. 



468 OAc 469 S 470 

R = Me z CC0- 


SCHEME 128 
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471 . R= R-OHs X= Br.CI, I; 472 ,R = OH,R l =H,X=CI 475 
473, R = H, R 1 = OH, X = Cl ■, 474 ,R=R'=H, X =CI 

Enzymatic condensation of the thiol group of homo-L-cysteine with 05' 
of formycin (386) gave 476, which was S-methylated and subsequently 
hydrolyzed to 5'-deoxy-5'-methylmercaptoformycin 477. Compound 477 
potently inhibited rat liver 5'-methylthioadenosine phosphorylase (83MI4) 
(Scheme 129). 

Reaction of formycin B (387) with diphenylsulfide and tributylphosphine 
took place regiospecifically with the primary hydroxyl group to yield the 
5'-deoxy-5'-phenylmercaptoformycin B 478 (Scheme 130). This modified 
C-nucleoside (478) poorly inhibited purine nucleoside phosphorylase 
(93JMC1024). 

Modified formycins that involved both the sugar and the heterocyclic 
moieties include the 2,5'-anhydro- and 4,5'-anhydroformycins 481 and 484 
(75JA5896, 75JAN492). These two derivatives were of particular interest 
because of their fixed conformation in the anti and syn forms, respectively, 
and their utilization to investigate the effect of conformation on enzymatic 
deamination by ADA. The 2,5'-anhydroformycin 481 in the anti-locked 
conformation was prepared by dehydrocyclization of 2',3'-0-isopropy- 
lideneformycin 479 with diethyl azodicarboxylate and triphenylphosphine 
(75JAN492), or by heating formycin with dimethylformamide dimethyla- 
cetal in DMF (75JA5896). The 4,5'-anhydroformycin 484 in the syn-locked 
conformation was obtained by treatment of 479 with 4-tolylsulfonyl chloride 


586 



476 

Scheme 129 


477 
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2. Pyrazolo[4,3-d]pyrimidin-5-yl C-Nucleosides 

The pyrimidine rings of the pyrazolo[4,3-d]pyrimidin-5-yl C-nucleosides 
485 and 486 were formed as a result of cyclocondensation of the /3-d- 
ribofuranosylthioformimidate 230 with 4-amino-3-cyanopyrazole and 4- 
amino-3-carbamoylpyrazole, respectively. The products were obtained as 
a mixture of the a- and /3-anomers (75JOC2825; 78NJC357) (Scheme 132). 
Proton spin-lattice relaxation, particularly that of the anomeric proton 
(HI'), proved very valuable for characterizing the two anomers of each of 
485 and 486 (77JA3267). 

K. PYRAZOLO[4,3-d]PYRIMIDINE ACYCLO C-NUCLEOSIDES 
1. Pyrazolo[4,3-d]pyrimidin-3-yl Acyclo C-Nucleosides 

The acyclo analog of 1 -methylformycin 490 was prepared by etherification 
of l-methyl-3-bromomethyl-7-methoxopyrazolo[4,3-d]pyrimidine (488) 
with ethylene glycol (487) and amination of the produced 489 (84JHC505) 
(Scheme 133). Compound 490 was devoid of antitumor and antiviral activi¬ 
ties (84JHC505). 

The acyclo analog of formycin B 496, however, was synthesized by annula- 
tion of the pyrimidinone ring onto the pyrazole ring of 494, as explained 
in Scheme 134. Acyclo analogs of formycin and 5-aminoformycin B were 
also prepared according to this approach [85JCS(P1)2087). 



487 488 489 490 


Scheme 133 
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(2'S)-3-(2',3'-Dihydroxypropyl)pyrazolo[4,3-</]pyrimidines 500 and 501, 
acyclo analogs of formycin and formycin B, were also synthesized by build¬ 
ing the pyrimidine ring onto the pyrazol-3-yl acyclo C-nucleoside 499. 
Chemical deamination of 500 gave 501 (Scheme 135). These two acyclo C- 
nucleosides did not inhibit the replication of representative DNA and RNA 
viruses [85JCS(P1)1425; 89JCS(P1)925]. 


L. Imidazo[ 1 ,2-nJ pyrimidine Acyclo C-Nucleosides 
1. Imidazo[l,2-a]pyrimidin-3-yl Acyclo C-Nucleosides 

The analogs of this type with truncated sugar (505, Z = O) and thiosugar 
residues (505, Z = S) were obtained by a one-pot etherification or thioether- 
ification reaction of 3-hydroxymethylimidazo[l,2-n]pyrimidine (503) with 
the appropriate alcohol or thioalcohol (502) (95MI5) (Scheme 136). 



497 498 499 500 501 

Scheme 135 
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.CCl 


S0CI2 , 

CHgOH Heof 


I— CH 2 CI 


MeCN , Pyr 


R ~]y z ' 


502 503 504 505 

Z=0 , R = CH 2 OH -, Z=S . R=CH20H. CHOHMe, CH0HCH 2 0H 
Scheme 136 


M. lMIDAZO[4,5-</]PYRIMIDINE C-NUCLEOSIDES 
1. Imidazo[4,5-d]pyrimidin-2-yl C-Nucleosides 

Amidation of 2,5-anhydro-D-allonic acid (106) with 4,5,6-triaminopyri- 
midine (506) gave the corresponding amide 507, which then thermally 
cyclodehydrated to 7-amino-2-/3-D-ribofuranosylimidazo[4,5-d]pyrimidine 
(8-/3-D-ribofuranosyladenine or C-adenine) (508) (69CCC247) (Scheme 137). 

The 3'-deoxy-/3-D-ribofuranosyl- (cordycepin-C) (73MI3; 74MI5), /3-d- 
arabinofuranosyl- (74MI4), and 3'-deoxy-a-D-xylofuranosyl- (75JMC438) 
analogs (509, 510, and 511) of C-adenine (508) were similarly prepared 
from the corresponding 2,5-anhydro-aldonic acid. The three C-nucleosides 
509-511 were tested against blood schizontocidal malaria and found inac¬ 
tive (75JMC438). 



OH HO 


509 


5IO 
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512 513 514 515 R= PhCO 

Scheme 138 


A variant of the previous reaction was utilized for the synthesis of the 
1,3-dimethyl-8(/3-D-ribofuranosyl)xanthosine 515; the ethyl 2,5-anhydro-D- 
allonodithioate derivative 512 was cyclocondensed with 5,6-diamino-l,3- 
dimethyluracil (513) followed by removal of the O-protective group of 514 
(86MI4) (Scheme 138). 

Imidazo[4,5-d]pyrimidin-2-yl C-nucleosides (517) were also obtained by 
annulation of their pyrimidine rings onto 4-amino-5-cyano-, 4-amino 5- 
carbamoyl-, and 4-amino-5-alkoxycarbonylimidazol-2-yl C-nucleosides 
(516) with formamidine acetate or diethoxylmethyl acetate [71JCS 
(CC)1267; 72MI1; 73TL2971; 75JHC111, 75T2914; 76MI2] (Scheme 139). 

The anomeric mixture of C-nucleoside 519 was obtained by C—C bond 
formation between two subunits: the aldehydo -sugar derivative 36 and 2- 
haloimidazolo[4,5-d]pyrimidine in the presence of butyllithium. The pro¬ 
duced acyclo C-nucleoside 518 was cyclized with diethyl azodicarboxylate 
and triphenylphosphine to 519 [95JAP(K)95/118268] (Scheme 140). 

Of special interest are the total synthetic approaches devised by Vo¬ 
gel and his group in Switzerland toward imidazo[4,5-d]pyrimidine C- 
nucleosides from noncarbohydrate starting materials (89HCA271; 



516 517 

R=H, R^OH; R= R=H i R 2 =PhC0 , PhCH 2 i R = CN . C0NH 2 .COOMe. COOMe, 
R 4 = NH 2 . OH 

Scheme 139 
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36 X = halogen 518 519 

Scheme 140 


90JOC2451; 92SL676, 92T10637). Thus, the total synthesis of cordycepin- 
C (509) was achieved by multistep transformation of 5,6-exoepoxy-7-oxabi- 
cyclo[2.2.1] heptan-2-one (520) to 3'-deoxy-2,5-anhydroallonic acid (525) 
and then to 509 (89HCA271). The high regioselective reduction of 520 to 
521 was attributed to steric hindrance of the endo-methoxyl group at C2 
in 520, which impedes the competitive attack of the hydride agent onto the 
C5 endo- position. This synthesis included also the key step of employing 
cesium fluoride in DMF to induce smooth cyclodehydration of amide 526 
at a moderate temperature without causing anomerization or thermal de¬ 
composition (89HCA271) (Scheme 141). 

7-Amino-2-(2'deoxy-/3-D-xylofuranosyl)imidazo[4,5-d]pyrimidine (534) 
was synthesized from the 7-oxabicyclo[2.2.1]hept-5-en-2-yl derivative 527 
as outlined in Scheme 142 (90JOC2451). 

Fluoro and azido substituents in the sugar moieties of nucleosides are 
known to amplify biological activities. Consequently, the 2-(2'-fluoro- and 



R = PhCH2 i R'=Me3SiMe2i TAP = 4,5, 6 -triaminopyrimidine 


Scheme 141 
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R = (l R)-Camphanoyl j R-PhCl-te f TAP= 4,5,6-triomfnopyrimidine 
Scheme 142 


2' -azido-2' ,3'-dideoxy-/3-D-ribofuranosyl)imidazo [4,5-d]pyrimidines 535 
and 536 were synthesized by the total synthetic approach in a plan closely 
similar to that used for the synthesis of 534 (92SL676, 92T10637). 



F N 3 

535 536 


2. Imidazo[4,5-d]pyrimidin-5-yl C-Nucleosides 

The C-nucleoside 538 pertaining to this class was obtained by condensa¬ 
tion of the thioformimidate 230 with 5-amino-4-cyanoimidazole (537) 
(75JHC111) (Scheme 143). 


N. IMIDAZO[4,5-*/] PYRIMIDINE ACYCLO C-NUCLEOSIDES 

1. Imidazo[4,5-d]pyrimidin-2-yl Acyclo C-Nucleosides 

Aldonic acids (110) reacted with 4,5-diamino-l ,3-dimethyuracil to give 
the corresponding 2-(alditol-l-yl)-imidazo[4,5-d]pyrimidines (539, R = H) 
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537 538 

Scheme 143 


R=PhCO j R'= PhCHz 


(56MI1; 74MI7). The acetates of these acyclo C-nucleosides (539, R = Ac) 
were obtained by oxidative cyclization of the Schiff bases 540, derived 
from aldehydo -sugar acetates 180 and 4,5-diimino-l,3-dimethyluracil, with 
mercury(II) chloride in dimethyl sulfoxide [79CPB1094, 79H(12)359] 
(Scheme 144). 

Imidazole ring formation of acyclo C-nucleoside 543 was made by reac¬ 
tion of 6-chloro-l,3-dimethyl-5-nitrouracil with D-glucopyranosylamine 
(541), followed by catalytic hydrogenation and concomitant cyclization of 
542 (67CB492). The same C-nucleoside (543) was obtained by reacting 1- 
amino-l-deoxy-D-glucitol (544) with 6-chloro-l,3-dimethyluracil and subse¬ 
quent nitrosation and cyclization (96S459) (Scheme 145). 

The C-analog 549 of the potent antiviral agent acyclovir [9-(2-hydroxye- 
thoxymethyl)guanine (ACV)] was prepared by cyclizing the imidazol-2-yl 
acyclo C-nucleoside 547 with benzoylisothiocyanate as shown in Scheme 
146 (83JHC1169). 
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Scheme 144 
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Scheme 145 




547 


R-PhCO 


548 

Scheme 146 


549 


O. ISOTHIAZOLO[4,5-rf]PYRIMIDINE C-NUCLEOSIDES 
1. Isothiazolo[4,5-d]pyrimidin-3-yl C-Nucleosides 

C-Nucleosides 552 and 558, the analogs of oxoformycin B and formycin 
B, were prepared from the isothiazol-3-yl C-nucleoside 550 as explained 
in Scheme 147 (93JOC5181; 94MI10). This scheme comprised two key 
steps: (i) the selective amidation of 550 at the more reactive C5 ester 
group to afford 553 as a result of proximity to the ring nitrogen, and (ii) 
transposition of the C5 amide in 553 to C4 in 555 through the cyclic imide 
intermediate 554 (94MI10). 

The isothiazolo[4,5-d]pyrimidin-3-yl C-nucleoside analogs of adenine and 
guanosine, 559 and 560, respectively, were also synthesized (94JOC1912). 
C-Nucleosides 552,558,559, and 560 were tested for antiviral activity against 
HIV, HCMV, HSV, and rhinoviruses and found inactive (93JOC5181; 
94JOC1912). 
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556 


557 558 

Scheme 147 



HO OH HO OH 


559 560 

P. Thiazolo- and Selenazolo[5,4-c/]pyrimidine C-Nucleosides 
1. Thiazolo and Selanazolo[5,4-d]pyrimidin-2-yl C-Nucleosides 


Cyclocondensation of the thiazol-2-yl and selenazol-2-yl C-nucleosides 
561 (R = S and Se) with formimidine acetate gave 562 (R = S and Se). 
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These compounds are inferior to pyrazofurin [97AHC(68)223] as antitumor 
agents against P388 and L1210 leukemia cells or Lewis lung carcinoma 
(85JOC1741) (Scheme 148). 


Q. 1 ,2,3-Triazolo[1 ,5-c]pyrimidine C-Nucleosides 
1. l,2,3-Triazolo[l,5-c]pyrimidin-3-yl C-Nucleosides 

The chlorine atom of the pyrimidin-3-yl homo C-nucleoside 564 was 
displaced by azide ions followed by reduction of the introduced azido 
function to the amino compound 565. Treatment of the latter with nitrous 
acid formed the 1,2,3-triazole ring of the two l,2,3-triazolo[l,5-c]pyrimidin- 
3-yl C-nucleosides 566 (R = NH 2 and H) [89JCS(P1)2401] (Scheme 149). 



565 566 

Scheme 149 
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512 567 568 


R = PhCO 

Scheme 150 

R. 1 ,2,4-Triazolo[ 1 ,5-aJ pyrimidine C-Nucleosides 
1. l,2,4-Triazolo[l,5-a]pyrimidin-2-yl C-Nucleosides 

2,5-Anhydro-D-allonodithioate (512) reacted with 2-hydrazinopyrimi- 
dine to form the l,2,4-triazolo[4,3-a]pyrimidin-3-yl C-nucleoside 567 as an 
intermediate that underwent thermally induced Dimroth-like rearrange¬ 
ment to the l,2,4-triazolo[l,5-o]pyrimidin-2-yl C-nucleoside 568 (89MI5) 
(Scheme 150). 

Based-induced Dimroth rearrangement of the 3-(/3-D-galactopyranosyl)- 
l,2,4-triazolo[4,3-o]pyrimidine 569 (Section XI,V) also gave the corre¬ 
sponding l,2,4-triazolo[l,5-a]pyrimidin-2-yl pyranose C-nucleoside 570 
(94MI5) (Scheme 151). 

S. 1,2,4-Triazolo[1,5-c]pyrimidine C-Nucleosides 
1. l,2,4-Triazolo[l,5-c]pyrimidin-2-yl C-Nucleosides 

/3-D-Ribofuranosylthioformimidate (230) condensed with 5-benzyloxy-4- 
hydrazinopyrimidine to give a mixture of the l,2,4-triazolo[l,5-c]pyrimidin- 
2-yl (571) and l,2,4-triazolo[4,3-c]pyrimidin-3-yl (572) C-nucleosides in the 



DBU . CHCl3,RT,24h 


569 

DBU - Diazabicyclo C5.4.0] undec- 5 -ene 

Scheme 151 


570 
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OR 1 



R= PhCO, R'=PhCH 2 


Scheme 152 


ratio 3:2. De-O-benzoylation of this mixture with methanolic ammonia 
followed by de-O-benzylation gave only the free l,2,4-triazolo[l,5-c]- 
pyrimidin-2-yl C-nucleoside 573 as a result of direct deprotection of 571 
as well as deprotection and base-induced Dimroth rearrangement of 572 
(89JHC991) (Scheme 152). 


T. 1,2,4-Triazolo[1,5-c]pyrimidine Acyclo C-Nucleosides 
1 . l,2,4-Triazolo[l,5-c]pyrimidin-2-yl Acyclo C-Nucleosides 

Acyclo C-nucleoside 575 was prepared in a similar way to the cyclic 
analog 573 by reacting 2-[2-(benzoyloxy)-ethoxy]thioacetimidate 228 with 
5-benzyloxy-4-hydrazino-pyrimidine. Evidently, the first-formed 1,2,4- 
triazolo[4,3-c]pyrimidin-3-yl product 574 isomerized to 575 (89JHC991) 
(Scheme 153). 
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512 576 577 

R = PhCO 

Scheme 154 


U. l,2,4-TRIAZOLO[4,3-a]PYRIMIDINE C-Nucleosides 
1. l,2,4-Triazolo[4,3-a]pyrimidin-3-yl C-Nucleosides 

The condensed 1,2,4-triazole ring of 577 was formed as a result of con¬ 
densing the /3-D-ribofuranosylcarbodithioate 512 with 2-hydrazino-4- 
hydroxy-6-methylpyrimidine. Unlike the l,2,4-triazolo[l,5-c]pyrimidine an¬ 
alog 568, the l,2,4-triazolo[4,3-fl]pyrimidin-3-yl C-nucleoside 577 did not 
undergo Dimroth rearrangement (89MI5) (Scheme 154). 

Heating 5-(tetra-0-acetyl-y3-n-galactopyranosyl)tetrazole (578) with 2- 
chloropyrimidine resulted in the formation of 579 (94MI5) (Scheme 155). 


V. l,2,4-TRIAZOLO[4,3-fl]PYRIMIDINE ACYCLO C-NUCLEOSIDES 
1. l,2,4-Triazolo[4,3-a]pyrimidin-3-yl Acyclo C-Nucleosides 

aldehydo-Sugar pyrimidin-2-ylhydrazones (580) were oxidatively cyclized 
and simultaneously O-acetylated in one-pot preparations by treatment 
with bromine-acetic acid-sodium acetate followed by acetic anhydride 
to give the poly-O-acetylated 8-acetyl-3-(alditol-l-yl)-l,2,4-triazolo[4,3-a] 
pyrimidin-7-ones 582. De-O-acetylation of 582 gave products 584. Cycliza- 
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Scheme 156 


tion of hydrazones 580 has also been performed with bromine in water to 
give 583. The mass spectral fragmentation pattern of 582 indicated that 
cyclization took place with N1 rather N3 of the pyrimidine ring (95PHA784) 
(Scheme 156). 


W. Quinazoline C-Nucleosides 
1. Quinazolin-8-yl C-Nucleosides 

Annulation of a pyrimidine ring onto the /3-D-ribofuranosylanthranilic 
acid nitrile 587 or the /3-D-ribofuranosylanthranilamide 588 C-glycosides 
by heating with triethyl orthoformate and de-O-blocking of the protective 
groups on the sugar moieties provided the quinazolin-8-yl C-nucleosides 
589 and 590, respectively (95MI4) (Scheme 157). 

X. Quinazoline Acyclo C-Nucleosides 
1. Quinazolin-8-yl Acyclo C-Nucleosides 

Benzoxazine-quinazoline ring transformation was the approach used to 
prepare the double-headed quinazolin-2-yl acyclo C-nucleoside 592 from 
591 (Section XIII,D; Scheme 207) by heating with aniline in the presence 
of phosphorus trichloride (87MI4) (Scheme 158). 
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Y. PYRIDO[1,2-fl]PYRIMIDINE C-NUCLEOSIDES 

1. Pyrido[l,2-a]pyrimidin-3-yl C-Nucleosides 

2-Alkylideneaminopyrimidines added onto the /3-D-ribofuranosyl chloro- 
ketene 597 to give an adduct that eliminated a hydrogen chloride mole¬ 
cule to furnish, after de-O-protection, the pyrido[l,2-a]pyrimidin-3-yl C- 
nucleoside 598 (84MI3; 85CPB2671) (Scheme 159). 
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Scheme 159 


Z. Pyrido[4,3-<*]pyrimidine C-Nucleosides 
1. Pyrido[4,3-d]pyrimidin-3-yl C-Nucleosides 

The two pyrido[4,3-d]pyrimidin-8-yl C-nucleosides 600 and 602, the con¬ 
geners of adenosine and inosine, respectively, were prepared by annulation 
of the pyrimidine ring onto 4-amino-3-cyanopyridine and 4-amino-3- 
carbamoylpyridine C-nucleoside 599 and 601, respectively (92MI6) 
(Scheme 160). 


A'. PYRIMIDo[4,5-rf] PYRIMIDINE ACYCLO C-NUCLEOSIDES 
1. Pyrimido[4,5-d]pyrimidin-2-yl Acyclo C-Nucleosides 

The amino group of 6-amino-l,3-dimethyluracil added onto penta-0- 
acetyl-D-gluconoyl isothiocyanate (603) to form the thiourea derivative 604, 
which eliminated a molecule of water to yield the 2-(penta-0-acetyl-D- 
g/wco-pentitol-l-yl)pyrimido[4,5-d]pyrimidine 605 (76MI3; 81CPB1832) 
(Scheme 161). 
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B'. Pyrazino[2,3-^]pyrimidine C-Nucleosides 

1 . Pyrazino[2,3-d]pyrimidin-7-yl C-Nucleosides and 
Homo C-Nucleosides 

Reaction of 5,6-diamino-l,3-dimethy]uraci] with the 6-hydroxy-6-/3-D- 
ribofuranosyl-2//-pyran-3(6//)-one 606 in toluene gave, in addition to an¬ 
other product (Section XI,Y), the lumazin-7-yl C-nucleoside (609) in low 
yield (5%) and the lumazin-7-yl homo C-nucleoside (614,16%) according 
to the mechanisms shown in Scheme 162. When the reaction was performed 
in ethylene glycol, the C-nucleoside (609) was obtained as the main product 
(35%) and the homo C-nucleoside (614) in 13% yield (89JOC3927). 



603 604 605 

Scheme 161 
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609(5%) R= PhCO 614 06%) 613 

Scheme 162 


C'. Pyrazino[2,3-*/]pyrimidine Acyclo C-Nucleosides 
1. The Naturally Occurring Pteridin-6-yl Acyclo C-Nucleosides 

6-(Alditol-l-yl)pteridines (pteridin-6-yl C-nucleosides) are omnipresent 
in both the plant and animal kingdoms. They play an important role as 
essential cofactors for the diverse enzymes involved in biological hydroxyla- 
tion processes. Extensive work has been performed toward isolation, struc- 
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ture elucidation, and synthesis of naturally occurring members of this class, 
as well as the synthesis of their congeners. Trivial names have usually been 
given to most of the naturally occurring members of this class, among which 
are biopterin (615), dictyopterin (616), orinapterin (617), D-neopterin (618), 
L-neopterin (619), D-monapterin (620), and L-monapterin (umanopterin) 
(621). A few of the isolated naturally occurring members, however, were 
systematically named. 




" O- 6l5,R« Mev y^ 6l6,R= Me V^ 617 ,R- Me \jX v 
\=N OH OH OH 






UM OH 

'V* S 621 , R=H0' / 'Y^ S ‘ 


a. Biopterin and Related Compounds. Biopterin [2-amino-6-(L -erythro- 
l',2'-dihydroxypropyl)-4-oxo(3-//)pteridine] (615) is widely distributed in 
eukaryotes and prokaryotes [63LA(662)72; 64AGE114; 72AGE1061; 
75MI5; 80MI3; 82MI3; 84MI4]. Thus, it has been isolated from human 
urine [55JA3167; 56JA5871; 59BP814462; 72JBC(257)4549], human saliva 
(89MI1), reptile skins (60MI2), royal jelly of the honeybee [58ZPC(311)79], 
insects ( Drosophila melanogaster) (55HCA397, 55JA4865; 77MI3), Mexi¬ 
can leaf frog larvae (78MI3), parasitic helminths ( Ascaris lumbricoides) 
(70MI4), Plodia interpunctella (71MI1, 71MI2), and bacteria ( Escherichia 
coli) [61BBR(6)180]. The structure of biopterin was determined by degrada¬ 
tion (55HCA1222,55JA4865) and mass spectral fragmentation (72TL3219). 
Biopterin (615) has frequently been synthesized, together with its 7-alditolyl 
isomer (primapterin, 625), by oxidative cyclocondensation of 2,5,6-triami- 
nopteridin-4-one (624) with either of the two C2 epimeric 5-deoxyl-l- 
aldopentoses 622 or their hydrazones [55JA4865; 56JA5868; 58HCA108; 
62LA(658)193, 62ZPC(329)291; 63CB1395; 75BCJ3767; 77HCA211; 
79BCJ181; 80BCJ2344; 81MI3; 85HCA1639; 89JAP(K)89/221380, 89LA 
1267], as well as the 5-deoxyl-L-ribulose 623 or its hydrazones 
(69HCA1225;72HCA570, 72HCA574) (Scheme 163). 

This method suffers the laborious separation of the two isomeric C- 
nucleosides 615 and 625 and characterization of the structure of each. To 
circumvent these difficulties, biopterin 615 was obtained as a sole entity 
by reacting l-amino-l-deoxy-L-eryt/iro-pentulose 626 with 2-amino-4- 
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Scheme 163 


1. MeOH . Pyr ., H?Q t 

2. I 2 /MeOH, or I 2 
or K 3 Fe (CN) S 


Y-O, H 2 NN, PhNHN 
Ph 

Z= OH , PhCH 2 NN 


chloro-5-nitropyrimidin-4-one. The nitro group of the produced 627 was 
catalytically reduced and concomitantly cyclized to the 7,8-dihydrobiopterin 
628 . Oxidation of 628 with manganese dioxide gave 615 [68JCS(CC)120; 
69JCS(C)928; 77MI4] (Scheme 164). 

Taylor and Jacobi contrived the unequivocal synthesis shown in Scheme 
165 to obtain only biopterin ( 615 ); both of the pyrimidine and pyrazine 
rings were elaborated onto the alditolyl moiety during this synthesis. A 
key step during this synthesis was the regiospecific transoximation of the 
aldehydo function of 5-deoxy-L-eryt/iro-pentulose 629 with acetone oxime 
630 (74JA6781; 76JA2301). Synthesis of 13 C8a biopterin was also accom¬ 
plished according to this synthetic plan for utilization in biochemical stud¬ 
ies (79MI7). 

7,8-Dihydrobiopterin ( 628 ) and 5,6,7,8-tetrahydrobiopterin ( 633 ) are two 
biologically important derivatives of the parent compound ( 615 ). The dihy¬ 
dro derivative ( 628 ) was isolated from the skin of five different species of 
Crenilarus fishes [63ZN(B)551]. The tetrahydro derivative ( 633 ) was iso- 
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628 


Scheme 164 
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632 615 


Scheme 165 

lated from the same species of fishes [63ZN(B)551] and from the cyanobac¬ 
terium (blue-green alga). Anacystis nidulans (63MI1; 66MI2). Chemical 
transformation of the three derivatives to each other is explained in 
Scheme 166 (66MI2; 73LA1091; 78HCA2731; 79HCA2577; 81MI3; 
86EP191335,86MI6). The autooxidation of tetrahydrobiopterin was studied 
using ESR spectrometry [74CI(L)233]. 

The absolute configuration at C6 of the natural tetrahydrobiopterin was 
studied using NMR and CD spectroscopy (82AJC785) and X-ray crystallo¬ 
graphic analysis (85MI5) and found to be R, with the alditolyl chain occupy¬ 
ing a quasi-equatorial position. 

Tetrahydrobiopterin ( 633 ) is an essential enzyme cofactor in a number 
of hydroxylation and oxygenase reactions (72AGE1061; 83MI6), including 
hydroxylation of phenylalanine to tyrosine (63PNA1085), tryptophan to 5- 
hydroxytryptophan (serotonin) [66MI1; 67SCI217; 74MI3; 80BBA(611)241; 
91MI2], hydroxylation of dihydroorotic acid [73BBR(53)929], and 17a- 
hydroxylation of progesterone (72MI2). It also acts as an essential cofactor 
in melanin synthesis [68ZN(B)860] and in the conversion of tyrosine to 
the neurotransmitter L-dopa (3,4-dihydroxy-L-phenylalanine) (71MI3). The 



Polarogrophlc reduction 


628 615 633 


Scheme 166 
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biochemical activities of the natural (67?)-tetrahydrobiopterin and the syn¬ 
thetic (6S)-isomer were studied; both were found active in vitro, but only 
the natural isomer was found active in vivo (86MI6; 88MI3). Abnormalities 
of biopterin and tetrahydrobiopterin metabolism are linked to the incidence 
of some metabolic diseases such as Parkinson’s disease and phenylalanine- 
mia (85MI4,85MI6; 92MI5; 93MI2). Some O- and A, O-acylated derivatives 
of tetrahydrobiopterin were patented as useful preparations for the 
treatment of these diseases (83EP79574; 85USP4550109; 86EP191335; 
89EP318926). 

3-Methylbiopterin and 2'-deoxybiopterin are two naturally occurring 
pterin-6-yl acyclo C-nucleosides related to biopterin. The former was iso¬ 
lated from methanol extracts of the marine anthozoan Asteroides calycularis 
Pallas and found to inhibit growth of mouse and chick fibroblasts in culture 
(87E950), whereas the latter was isolated from urine of patients with malig¬ 
nant lymphoma (95MI2). 

b. Dictyopterin. 2 - Amino - 6- (o-threo-1 '2'- dihydroxypropyl)pteridin-4 - 
one (dictyopterin, 616 ) was isolated from the vegetative cells of the amoeba 
Dictyostelium discoideum (90MI3). It was synthesized, prior to its isolation, 
by the conventional method of oxidative cyclocondensation of 5-deoxy-D- 
xylose with 2,5,6-triaminopyrimidin-4-one ( 624 ) (58HCA108; 66CB2162) 
in a similar way to that used for the synthesis of biopterin (Section XI,C',l,a; 
Scheme 163). 

c. Orinapterin. It was isolated from human urine and its structure was 
determined as 2-amino-6-(L-r/ireo-l',2’-dihydroxypropyl)pteridin-4-one 
( 617 ) (92ZPC1061). It was synthesized by the classical method of reacting 
624 and 5-deoxy-L-xylose (66CB2162). 

d. d- and L-Neopterins. D-Neopterin, 2-amino-6-(D-erythro-tetritol- 
l-yl)pteridin-4-one ( 618 ), and its L-enantiomer ( 619 ) were found in various 
natural sources, including human saliva (89MI2) and urine [67MI4; 
72JBC(247)4549], ovine pineal glands (84MI2), insects [63CB1406, 
63LA(662)72; 79MI6; 80MI2], Mexican frog larvae (78MI3), leguminous 
plants (80E639), and bacteria (69MI3; 80ABC2061). 

D-Neopterin ( 618 ) was synthetically obtained by reacting the triaminopyr- 
imidine 624 with D-ribose (63CB1406), aldehydo- D-ribose phenylhydrazone 
(70HCA1202), or aWe/iydo-D-arabinose hydrazone (58JA2018) in a way 
similar to that described in Scheme 163. D-Neopterin 3'-phosphate was 
chemically prepared from 624 and D-ribose 5-phosphate (65CB851) and 
biosynthetically obtained from guanosine triphosphate by treatment 
with the cell-free extracts of Pseudomonas species ATCC11299a 
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[66JBC(241)2220] or Serratia indica IF03759 (72ABC1685, 72ABC1695). 
A mixture of D-neopterin 3'-monophosphate (634) and 2',3',-diphosphate 
(635) was obtained when D-neopterin (618) was phosphorylated with a 
mixture of phosphoric acid and phosphorus pentoxide (72BCJ3564). Cycli- 
zation of the 3'-monophosphate 634 with DCC afforded the 2',3'-cyclic 
phosphate 636 (72BCJ3564). Catalytic hydrogenation of the diphosphate 
635 gave a mixture of the (6 R)- and (6S)-5,6,7,8-tetrahydro-D-neopterin 
637 (86HCA210) (Scheme 167). 

D-Neopterin labeled at the amino group or N3 with enzyme or fluorescent 
markers was prepared for utilization in immunoassays of neopterin 
[93GEP(D)4308739], Dihydro-D-neopterin 3'-phosphate labeled at Cl' and 
C2' with 3 H has also been prepared (91MI3). 

L-Neopterin (619) was synthesized by reactions similar to those used 
to obtain its D-enantiomer 618 [56CB2904; 58JA2018; 68HCA1495, 68- 
JCS(CC)120; 69JCS(C)928], The preparation of 5,6,7,8-tetrahydro-L- 
neopterin, by catalytic reduction of the parent compound (618) 
(76HCA248) and its 2-/V-acetyl-l',2',3'-tri-0-acetyl-5,6,7,8-tetrahydro-L- 
neopterin (79HCA2558; 86HCA210) were reported. 

L-Neopterin (619) serves as a biosynthetic precursor for biopterin, and 
their ratio in biological fluids is a good criterion to diagnose malignancy, 
gout, uremia, and liver disease (91MI2). It was found to provide protection 
against free-radical-induced injuries such as those encountered with adria- 
mycin cardiotoxicity and gastric ischemic injury (94MI3). L-Neopterin and 
biopterin are significant in the immune system (94MI4), and 5,6-dihydro- 
neopterin is used as a drug for the treatment of Parkinson’s disease 
[86JAP(K)86/29382]. 



Scheme 167 
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e. d and L-Monapterins. The first synthesis of 2-amino-6-(D-t/zreo-tetri- 
tol-yl)pteridin-4-one (D-monapterin, 620) was reported as early as 1947 by 
the reaction of D-xylose (638, Z = O) with 2,5,6-triaminopyrimidin-4-one 
(624) (47HCA1031; 58JA2018; 63CB1406). D-Xylosulose (D-xylosone) 
(51USP2541717), 1-benzylamino-l-deoxy-D-xylulose (639) (68HCA1495), 
and D-xylose phenylhydrazone (638, Z = NNHPh) (70HCA1202) also re¬ 
acted with 624 to give 620 (Scheme 168). Compound 620 has been identified 
in the ciliate protozoan Tetrahymena pyriformis (92MI2). 

Reaction of 620 with polyphosphoric acid produced a mixture of d- 
monapterin 3'-monophosphate and 2',3'-diphosphate (72BCJ3564). 

L-Monapterin (621) was isolated from bacteria (64HCA1948; 80N610), 
human urine [72JBC(247)4549], and saliva (89MI1). L-Monapterin (621) 
(47HCA1031; 63CB1406; 68HCA1495), its 3'-monophosphate, and its 2', 
3'-diphosphate (72BCJ3564) were synthesized by reactions similar to 
those used for the synthesis of D-monapterin (620) and its phosphates, l- 
Monapterin was biosynthesized from guanosine triphosphate by incubation 
with cell-free extracts of Serratia indica (72ABC1685, 72ABC1695). 

f. Euglenapterin. This compound was found in the unicellular alga Eu- 
glena gracilis; its structure was determined as 2-dimethylamino-6-(L-f/ireo- 
tetritol-l-yl)pteridin-4-one (641) (76MI4). It was synthesized, together with 
other products, from L-xylose phenylhydrazone (640, Z = NNHPh) and 
5,6-diamino-2-dimethylaminopyrimidin-4-one (80AGE473) (Scheme 168). 



Z-O.PhNHN, R-PhCHa 



Scheme 168 
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g. 2-Amino-6-(D-ribo-tetritol-l-yl)pteridin-4-one. This pteridine acyclo 
C-nucleoside 642 was isolated from the bacterium Rhodopseudomonas 
sphaeroides GM-1. It has not been given a trivial name (93MI3). 



h. 2-Amino-6-[2-((i-D-glucouronopyranosyl) -D-gluco-pentitol-1 -ylJpteri- 
din-4-one. Isolation of this compound 643 from Mycobacterium smegmatis, 
elucidation of structure, and synthesis was reported by Goto et al. [65LA 
(689)221], 

i. Ichthyopterin. Ichthyopterin has the structure of 2-amino-(L-eryf/iro- 
r,2'-dihydroxypropyl)pteridin-4,7-dione (644) (91MI4) and was isolated 
from the skin of goldfish [43LA(554)69; 59LA(625)133] and scales of the 
cyprinid fish Misgurnus anguillicaudatus (55MI1; 68MI5). 

j. Leucettidine. Leucettidine is a naturally occurring pteridin-6-yl acyclo 
C-nucleoside that was isolated from extracts of the calcareous sponge Leu- 
cetta microraphis. Its structure, which was found to be 6-[(l'5)-l'-hydroxy- 
propyl]-3-methylpteridine-2,4-dione (645), represents a deviation from the 
usual substitution pattern of these compounds in having a mono-oxygenated 
propyl group and no amino group at C2 (81JOC4782). 



644 


645 


646 
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2. The Naturally Occurring Pteridin-7-yl Acyclo C-Nucleosides 
“Primapterin” and “Anapterin” 

Primapterin [2-amino-7-(L-eryi/iro-l',2'-dihydroxypropyl)pteridin-4- 
one] (625) and anapterin [2-amino-7-(D-er_y//iro-l',2',3'-trihydroxypropyl) 
pteridin-4-one] (646) are the two naturally occurring pteridin-7-yl acyclo 
C-nucleosides known thus far. 

Both 625 and 646 were isolated from urine of patients with a transient 
type of hyperphenylalaninemia that is related to a biopterin synthetase 
deficiency [88BBR(153)715,88MI4, 88MI5; 90HCA1064], Anapterin (646) 
was also found in saliva of healthy human adults (89MI1). 

When patients with hyperalaninemia were loaded with tetrahydrobio- 
pterin labeled at C3' with 2 H (90HCA1058), 2 H-labeled biopterin and 
2 H-labeled primapterin were produced in equal amounts in their 
urine [90JBC(265)3923; 92HCA1237]. Furthermore, in vitro incubation of 
tetrahydropteridin-6-yl acyclo C-nucleosides, namely tetrahydrobiopterin 
(633) and tetrahydro-D-neopterin (637), with phenylalanine hydroxylase 
produced the two pteridin-7-yl acyclo C-nucleosides primapterin 625 
and anapterin 646, respectively [90BBR(172)1060]. These results led to 
the conclusion that pteridin-7-yl acyclo C-nucleosides are biologically 
formed from the corresponding pteridin-6-yl precursors by enzymatic intra¬ 
molecular rearrangement processes [90BBR(172)1060, 90JBC(265)3923; 
92HCA1237], 

Before isolation from the natural sources, primapterin (625) was synthe¬ 
sized, together with biopterin (615) as explained in Scheme 163 (Section 
XI,C',l,a). Primapterin (625) was obtained as a single product by cyclocon¬ 
densation of 2,5,6-triaminopyrimidin-4-one (624) with aldehydo- 5-deoxy- 
L-arabinose semicarbazone (647) as a result of the regioselective addition 
of the most nucleophilic C5 amino function of 624 onto the azomethine of 
647 (89MI2,90HCA337) (Scheme 169). Anapterin (646) was also prepared 
according to this sequence of reactions from aldehydo- D-ribose semicarba¬ 
zone and 623 (89MI2; 90HCA337). 

3. Pteridin-6-yl and Pteridin-7-yl Acyclo C-Nucleosides 

The first synthesis of these compounds by cyclocondensation of monosac¬ 
charides with 5,6-diaminopyrimidines was reported by Karrer and his group 
in 1947 (47HCA1031). Since then, a great deal of research work has been 
done on the synthesis of various members of pteridine acyclo C-nucleosides 
by this method or modifications therefrom. When ketose (652) or aldose 
(653) monosaccharides were cyclocondensed with 2,5,6-triamino-pyrimidin- 
4-one (624), 6- or 7-(alditol-l-yl)pteridin-4-ones (656 or 658) or mixtures 
of both were obtained [47HCA1031; 48HCA777,48HCA782; 49HCA1041, 
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649 650 625 


Z=H2NCNHN 

Scheme 169 

49JA3977, 49JCS79; 50LA(570)127; 52GEP839498, 52USP2603643; 54- 
USP2667485; 58JA2018; 63CB1406; 64CB1002; 68HCA1029; 71NKZ- 
1177; 81AQ(C)126; 82AQ(C)399]. According to the mechanism proposed 
for this reaction (Scheme 170), the most nucleophilic amino group at C5 
of 624 attacks Cl of aldoses or C2 of ketoses. 

Aldosuloses (sugar osones) also reacted with 624 to afford mixtures of 
6- and 7-(alditol-l-yl)pteridin-4-ones (656 and 658) (47JA2566; 51USP- 
2541717). 

In the presence of hydrazine hydrate, ketose (652) (49HCA1041, 
49JA3977) and aldose (653) monosaccharides reacted with 624 to give the 



655 656 657 658 


R - H0CH 2 (CH0H) n - 


SCHEME 170 
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652 659 660 661 662 



653 663 664 665 666 

R=HOCH 2 (CHOH) n - , R 1 =olkyl , aryl , NH 2 , ArNH 
Scheme 171 


corresponding pteridin-6-yl acyclo C-nucleosides (656) only [48NAT(L)- 
308; 49CB25, 49HCA1041, 49JA3977, 49JCS79, 49JCS2077; 52JPJ1294; 
58JA2018]. Aldose phenylhydrazones (663, R' = NHAr) (70HCA1202; 
79BCJ181; 84LA1815), aldosulose 1-arylhydrazones (56CB956), 1-alkyl- 
amino-l-deoxyketoses (664, R' = alkyl) (48E427; 68HCA1495), glycosy- 
lamines (49JCS2077), and monosaccharide phenylosazones (50SWP268531) 
behaved similarly. These results were explained in terms of an Amadori 
rearrangement of aldose hydrazones (663, R' = H, NHAr) to the corres¬ 
ponding 1-hydrazino-l-deoxyketoses (664, R' = H, NHAr), which then 
cyclocondense with 624 to give 656 as explained in Scheme 171. 

7,8-Dihydro-6-(D-aratono-tetritol-l-yl)pteridine-2,4-dione 668 was un¬ 
equivocally prepared by condensation of 1-amino-1-deoxy-D-fructose (42) 
with 6-chloro-5-nitrouracil followed by concomitant reduction and cycliza- 
tion of 667 (62JCS44) (Scheme 172). 

The 7-(alditol-l-yl)-l,3-dimethylpteridine-2,4-diones 671 were the only 
products obtained from the reaction of aldehydo-sugar acetates (180) with 
5,6-diamino-l,3-dimethyluracil (669) followed by oxidative cyclization of 
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667 
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Scheme 172 
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Scheme 173 


the formed Schiff bases 670 with 2,3-dichloro-5,6-dicyano-l,4-benzoquinone 
(DDQ) [75JAP(K)75/129593] (Scheme 173). 

Enzymatic deamination of the naturally occurring pteridin-6-yl acyclo 
C-nucleosides biopterin (615), dictypterin (616), D-neopterin (618), and d- 
monapterin (620) with pterin deaminase from the slime mold Dictyostelium 
discoideum caused their conversion to the corresponding lumazin-6-yl {2,4- 
dioxopyrazino[2,3-d]pyrimidin-6-yl} acyclo C-nucleosides: biolumazine 
(672), dictyolumazine (673), D-neolumazine (674), and D-monalumazine 
(675), respectively (94MI2) (Scheme 174). 

Some pteridine acyclo C-nucleosides revealed activities against tumors 
[52JPJ1294; 75JAP(K)75/129593], bacteria [75JAP(K)75/129593], and vi¬ 
ruses [54USP2667485; 75JAP(K)75/129593]. 3-A-Propylbiopterin (onco- 
pterin) is a useful diagnostic marker for cancer [94GEP(D)4244261], 

D'. Pyrrolo[1',2':1,2]pyrazino[5,6-J]pyrimidine C-Nucleosides 
1. Pyrrolo[r,2':l,2Jpyrazino[5,6-d]pyrimidin-l-yl C-Nucleosides 

In addition to the pyrazino[2,3-d]pyrimidin-7-yl C-nucleoside 609 and its 
homo analog 614, which were obtained by the reaction of 5,6-diamino-l,3- 
dimethyluracil with the 6-hydroxy-6-/3-D-ribofuranosyl-2//-pyran-3(6//)- 
one derivative 606 (Section XI,B'; Scheme 162), the pyrrolo-pyrazino- 
pyrimidine C-nucleoside 680 was produced in 30% yield according to the 
mechanism outlined in Scheme 175 (89JOC3927). 



615,616, 618,620 672,673, 674,675 

Scheme 174 
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E'. Thieno[ 2',3' :2,3]PYRAZiNo[6,5-rf] pyrimidine 
Acyclo C-Nucleosides 

1. The Naturally Occurring Thieno[2',3',:2,3]pyrazino- 
[6,5-d]pyrimidin-7-yl Acyclo C-Nucleosides “Urothione” 

Urothione was isolated from human urine [40ZPC(263)78; 43- 
ZPC(277)284], and its 2-amino-7-{(2'S)-r,2'-dihydroxyethyl)-6-(methyl- 
thio)thieno[2',3' :2,3]pyrazino[6,5-d]pyrimidine} structure (681) was estab¬ 
lished on the basis of degradative and spectral studies (55CB1251; 
67NKZ897, 67TL4507; 69MI3; 70MI6). The 5 configuration of C2' of the 
side chain has recently been established (95TL2631). 

A mixture of the two enantiomers 688 of 681 was synthesized by Sakurai 
and Goto by elaborating the thiophene ring onto the 6-(4,5-dibenzyloxy- 



HO 


681 
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2-oxopent-l-yl)pterin 685 (68TL2941; 69MI4) (Scheme 176). Taylor and 
Reiter synthesized the same enantiomeric mixture (688) by a different 
approach, which comprised forming the thieno[2,3-h]pyrazine acyclo C- 
nucleoside 694 and then constructing the pyrimidine ring (89JA285) 
(Scheme 177). 


XII. Condensed 1,4-Diazine C-Nucleosides 

A. Pyrrolo[1,2-«]pyrazine C-Nucleosides 

1. Pyrrolo[l,2-aJpyrazin-6-yl C-Nucleosides 

Treatment of the /3-ribofuranosylpyranone derivative 606 with 1,2- diami- 
noethane, and removal of the sugar-blocking groups, gave the 3,4-dihydro- 
6-(/3-D-ribofuranosyl)pyrrolo[l,2-o]pyrazine 699 (88JOC1401) (Scheme 
178). 


B. PYRROLO[l,2-fl]PYRAZINE ACYCLO C-NUCLEOSIDES 

1. Bis{pyrrolo[l,2: V,2'-d]}pyrazine-l,6-diyl Acyclo C-Nucleosides 

Treatment of 2-carboxy-3-methoxycarbonyl-5-(D-arabino-tetritol-l-yl)- 
pyrrole (700) with acetic anhydride caused bimolecular cyclocondensation 
with simultaneous O-acetylation to yield 701 (74MI8) (Scheme 179). 



687 


688 


Scheme 176 
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Scheme 177 




697 698 699 

R= PhCO 


Scheme 178 
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700 


Scheme 179 


701 


C. Imidazo[1,2-<j]pyrazine C-Nucleosides 
1. lmidazo[l,2-a]pyrazin-3-yl C-Nucleosides 

The 2-amino-l-03-D-ribofuranosyl)ethanol derivative 702 was condensed 
with 2,3-dichloropyrazine to give 703, which was elaborated to 707 
[93JHC(31)1213] (Scheme 180). C-Nucleoside 707 demonstrated weak sup¬ 
pression of mouse splenic NK-cell activity toward YAC lymphoma cells 
and in vivo anti-inflammatory activity in rats [93JHC(31)1213]. 



Scheme 180 
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79 


R=PhCO 


708 


Scheme 181 


709 


D. lMIDAZO[l,5-a]PYRAZINE C-NUCLEOSIDES 
1. ImicLazo[l,5-a]pyrazin-3-yl C-Nucleosides 

The imidazole ring of the imidazo[l,5-a]pyrazin-3-yl C-nucleoside 709 
was formed upon reacting the 2,5-anhydro-D-allonic derivative 79 with 
2-aminomethylpyrazine, dehydrocyclization of the resulting amide 708, 
and de-O-benzoylation of the protected C-nucleoside [84JCS(P1)229] 
(Scheme 181). 


E. OXAZOLO[3,4-tf]PYRAZINE ACYCLO C-NUCLEOSIDES 

1. Bis{oxazolo[3,4-a: 3',4'-d]}pyrazine-5,10-diyl 
Acyclo C-Nucleosides 

In a saline solution at pH 4.6, the antibiotic streptozotocin 98 decomposed 
to a mixture of several products. Acetylation of this mixture and separa¬ 
tion of the products gave the acetylated 5,10-di-(D-ery//iro-trititol-l-yl)- 
bisoxazolo[3,4-a:3',4'-</]pyrazine-3,8-dione 710 (79JOC9) (Scheme 182). 



98 


710 


Scheme 182 
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F. 1,2,4-Triazolo[4,3-«]pyrazine C-Nucleosides 
1. l,2,4-Triazolo[4,3-a]pyrazin-3-yl C-Nucleosides 

Benzyl D-ribofuranosylthioformimidates (711) reacted with 3-chloro-2- 
hydrazinopyrazine to form the 8-benzylthio-l,2,4-triazolo[4,3-a]pyrazin- 
3-yl C-nucleosides 712 as a result of nucleophilic displacement of the chloro 
group by the benzyl mercaptan produced from the initial cyclocondensation 
step. Compounds 713 were transformed to the formycin and formycin 
analogs 714 and 716 (79JOC1028; 84JMC924) (Scheme 183). Compound 
714 inhibited growth of L1210 tumor cells in culture, has weak antiviral 
activity, and acted as a coronory vasodilator (84JMC924). 

The 3-(a-D-arabinofuranosyl)-l,2,4-triazolo[4,3-a]pyrazin-8-one 717 (79- 



R=H , PhCO , R“PhCOi R 2 -PhCH 2) F^=Ac 
Scheme 183 



717 


718 
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Mil) and the unsubstituted 3-(/3-D-ribofuranosyl)-l,2,4-triazolo[4,3-a]pyra- 
zine 718 (89MI5) were synthesized by similar reactions. 


G. Quinoxaline C-Nucleosides 

1. Quinoxalin-2-yl C-Nucleosides 

Heating the 6-hydroxy-6-/3-D-ribofuranosylpyranone derivative (606) 
with 1,2-diaminobenzenes gave the quinoxalin-2-yl C-nucleosides 720 
(Scheme 184) in addition to the pyrrolo[l,2-a]quinoxalin-l-yl C-nucleosides 
744 (Section XII,J; Scheme 191) [88JOC1401; 90JCS(P1)67], 


H. Quinoxaline Acyclo C-Nucleosides 
1. Quinoxalin-2-yl Acyclo C-Nucleosides 

Reaction of 1,2-diaminobenzene (721) with aldoses (68) may only involve 
the Cl of the sugar to afford the corresponding 2-(alditol-l-yl)benzimida- 
zoles (112) (Section IV,C; Scheme 34) or Cl and C2 to give the 2-(alditol- 
l-yl)quinoxaline 111 (1887CB281,188CB2205; 34CB1980,44CB507; 53MI1; 
58UK179; 63JOC231; 66ZC329; 68JA1318; 79HCA241; 84ABC2753). 2- 
Amino-2-deoxyaldoses also reacted with 1,2-diaminobenzene (721) to give 



719 720 


R= PhCO i r'=H,N0 2 


Scheme 184 
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724 725 III 

Scheme 185 

111 [43JBC(150)351]. The mechanism according to which compounds 111 
are formed is shown in Scheme 185 (47CB255). 

Ketoses (34CB155; 41CB13; 68JA1318), 1-amino-l-deoxyketoses (Ama- 
dori compounds) [44CB507; 47CB255; 48E427; 58RTC827; 59ZN(B)217; 
65LA(684)146; 88MI9], aldosuloses [1889CB87; 37BJ(31)1033; 41CB18; 
59CB501], aldosulose l-arylhydrazones [54CB1068; 56CB956; 58CB1605, 
58CB2273; 59CB501; 65LA(684)146], and reducing disaccharides (58- 
CB2273; 85ABC3279) also reacted with 721 to afford the corresponding 
quinoxalin-2-yl acyclo C-nucleosides. 

Whenever 4-substituted-l,2-diaminobenzenes (726) were used, mixtures 
of 6- and 7-substituted quinoxalin-2-yI C-nucleosides (727 and 728) were 
obtained in which the 6-substituted isomer 727 usually predominated 
[56CB956; 58CB1605; 63JOC231; 65LA(684)146] (Scheme 186). 

Condensation of 2-ketoaldonic acids (ulosonic acids, 729) or their esters 
with 721 gave the 2-(alditol-l-yl)quinoxalin-3-ones 730 (34CB155; 
37CB2148; 61CB1743; 69HCA300) (Scheme 187). 



68 726 727 728 


R= Me, Cl, N0 2 .NH 2 


Scheme 186 
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CH 2 0H CH 2 OH 

729 721 730 

Scheme 187 

2,3-Diketohexono-l,4-lactones (2,3-hexodiulosono-l,4-lactones, 190) re¬ 
acted with 1,2-diaminobenzenes in the presence of hydrazines to give the 2- 
(l-hydrazonotetritol-l-yl)quinoxalin-3-ones 732 through intermediate 731 
(34CB555; 57AG479; 59CB1550; 65HCA1860; 78MI5, 78MI7, 78MI9, 
78MI10; 80MI6; 86MI3; 88MI10) (Scheme 188). 

2-[(3S)-3,4-dihydroxybutyl]-3-methylquinoxaline 740 was prepared as 
shown in Scheme 189 by reacting the 5-hydroxy-5-(/3-D-ribofuranosyl)fura- 
none derivative 247 with 1,2-diaminobenzene [93H(36)2591]. 

Conformations of quinoxalin-2-yl acyclo C-nucleosides (65JOC2457) and 
the relation between the stereochemistry at Cl' and the sign of the Cotton 
effect of their ORD spectra were studied (67JA4129; 68JA1318). Polaro- 
graphic reduction of some derivatives of these acyclo C-nucleosides was 
also investigated (86MI5). 

I. Pyrido[2,3-Z>]pyrazine Acyclo C-Nucleosides 
1. Pyrido[2,3-b]pyrazin-3-yl C-Nucleosides 

In the presence of phenylhydrazine, dehydro-L-ascorbic acid (741) re¬ 
acted with 2,3-diamino-5-bromopyridine to produce a product that was 
assigned the 7-bromo-3-(l-phenylhydrazono-2,3,4-trihydroxybutyl)pyr- 
ido[2,3-h]pyrazin-2-one structure 742. No rationale was offered as to why 
the possible alternative 6-bromo isomer (743) was excluded (64AGB802) 
(Scheme 190). 



190 731 732 


Scheme 188 



Sec. XII.J] C-NUCLEOSIDES OF CONDENSED HETEROCYCLIC BASES 285 



738 


R=PhCO 


739 


Scheme 189 


740 


J. PYRROLO[l,2-fl]QUINOXALINE C-NUCLEOSIDES 

1. Pyrrolo[l,2-a]quinoxalin-l-yl C-Nucleosides 

In addition to the quinoxalin-2-yl C-nucleosides 720 (Section XII,G; 
Scheme 184) formed upon reacting 606 and 1,2-diaminobenzenes, the pyr- 
rolo[l,2-a]quinoxalin-l-yl C-nucleoside 744 was formed in 16% yield accord¬ 
ing to the mechanism shown in Scheme 191 [88JOC1401; 90JCS(P1)67], 



741 742 743 

Scheme 190 
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744 

Scheme 191 


K. Furo[2,3-6]quinoxaline Acyclo C-Nucleosides 
1. Furo[2,3-b]quinoxalin-3-yl Acyclo C-Nucleosides 

During O-isopropylidenation of the alditoiyi chain of the 3-(alditol- 
l-yl)quinoxalin-2-one 745, the fused furan ring of 746 was formed as a 
result of acid-catalyzed cyclodehydration of the enolized C2 carbonyl and 
C2' OH groups. Removal of the ketal group of 746 gave 747 (93MI6) 
(Scheme 192). 

L. Furo[3,4-6]quinoxaline Acyclo C-Nucleosides 
1. Furo[3,4-b]quinoxalin-2-yl Acyclo C-Nucleosides 


Reaction of dehydro-D-arabmo-ascorbic acid (748) with two molar equiv¬ 
alents of 1,2-diaminobenzene gave the quinoxalin-2-yl derivative 749. Treat¬ 
ment of the latter with hydrochloric acid hydrolyzed the 2-aminobenzamido 



745 746 747 


Scheme 192 
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748 749 750 

Scheme 193 


group with lactonization of the produced acid to yield the 2-(alditol-l- 
yl)furo[3,4-6]quinoxalin-9-one 750 (84MI9) (Scheme 193). 

M. Pyrazolo[3,4-£]quinoxaline (Flavazole) C-Nucleosides 

1. Pyrazolo[3,4-b]quinoxalin-3-yl C Nucleosides 

(Flavazol-3-yl C-Nucleosides) 

The only synthetic pathway used so far to prepare these C-nucleosides 
was the acid-catalyzed cyclodehydration of the alditolyl chains of their 
acyclo analogs (Section XII,N). Thus, heating l-aryl-3-(D-craWno-tetritol- 
l-yl)flavazoles (751) with dilute sulfuric acid gave, stereospecifically, 1-aryl- 
3-(/3-D-erythrofuranosyl)flavazoles (752) (78MI7; 80MI8; 82MI4; 84MI5; 
96MI1) (Scheme 194). 

During this cyclodehydration, inversion of configuration occurred at Cl' 
of 751 to give the /3-D-C-nucleoside 752 rather than its a-anomer because 
of (i) preference of the protonated bulky heterocycle to occupy the equato¬ 
rial ft position in the 2 E (envelope) conformation (753) to gain the stabiliza¬ 
tion of the reverse anomeric effect, and (ii) destabilization of the 2 E confor¬ 
mation of the alternative a-anomer (754) by the nonbonded cu-l,3-diaxial 
interaction between the C3' hydroxyl and the bulky heterocycle (80MI8) 
(Scheme 195). 



Scheme 194 
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754 


B= 1-Ary lflavazol-3-yl 

Scheme 195 


However, the outcome of the acid-catalyzed cyclodehydration of 1- 
phenyl-3-(D-/yjc0-tetritol-l-yl) flavazole (755) was stereoselective, since it 
produced a mixture of l-phenyl-3-(/3- and a-D-threofuranosyl)flavazoles 
(756 and 757) in the ratio 3:1. The a-anomer 757 is stereochemically more 
stable because the bulky heterocycle and the C2' hydroxyl occupy less 
crowded positions than in the /3-anomer 756 (94MI8) (Scheme 196). 

Flavazole C-nucleosides revealed cytotoxic activity against the human 
nasopharynx KB epidermoid carcinoma cells (82MI4; 84MI5) and mouse 
P388 leukemia cells (84MI5). 

N. Pyrazolo[3,4-6]quinoxaline (Flavazole) 

Acyclo C-Nucleosides 

1. Pyrazolo[3,4-b]quinoxalin-3-yl C-Nucleosides (Flavazol-3-yl 

Acyclo C-Nucleosides) 

Quinoxalin-2-yl acyclo C-nucleosides (758) (Section XII, H) react 
with three molar equivalents of hydrazine (43CB1; 71MI4) or arylhydra- 
zines (41CB13, 41CB279, 41CB398; 42CB1536; 44CB507; 53MI1; 



755 


756 

Scheme 196 


(3:1 ) 


757 
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CH2OH 
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(CHOH) 2 . 3 

CHgOH 


758 


759 760 761 



762 

R = H, Me, Cl i R'=H,Ar 


763 


Scheme 197 


58CB1605,58MI1; 59ZN(B)217; 63JOC999; 66ZC329; 71ZC380; 72JPR877] 
to give flavazol-3-yl acyclo C-nucleosides (761) (Scheme 197). 3-(l-Arylhy- 
drazono-2,3,4-trihydroxybutyl)quinoxalin-2-ones (762) (Section XII,H; 
Scheme 188) undergo base-catalyzed cyclodehydration to give 761 also 
[57AG479; 59CB1550; 78MI5, 78MI8, 78MI9, 78MI10; 86MI3; 89MI7, 
89MI8; 92MI3; 93H(36)961] (Scheme 197). 

Flavazol-3-yl derivatives of oligosaccharides were prepared, mainly, as 
useful derivatives to characterize these oligosaccharides [46MI1, 46MI2; 
52JBC(196)265; 53JA3664; 54JA1671; 55JA1015; 58CB2273, 58JA1445, 
58MI1; 62MI1; 69CCC1118; 71JPR940, 71MI5, 71ZC380; 72JPR877, 
72MI3], UV (61SCI112), ORD (67JA4129), CD (78MI6; 86MI8), and MS 
(70OMS1535; 71MI6, 71MI7) spectral properties, as well as the relation 
between the configuration of the alditolyl chains and their preferred confor¬ 
mation, were studied (86MI7). 


O. Benzo[/]quinoxaline Acyclo C-Nucleosides 
1. Benzo[f]quinoxalin-2- and 3-yl Acyclo C-Nucleosides 

Reaction of 1-arylamino-l-deoxyketoses (764) with 1,2-diaminonaphtha- 
lene (765) in the presence of hydrazine hydrate gave a mixture of the 2- 
and 3-(alditol-l-yl)benzo[f]quinoxalines 766 and 767, respectively, in the 
ratio of 2.5:1 (58CB101) (Scheme 198). 
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P. BENZO[g]QUINOXALINE ACYCLO C-NUCLEOSIDES 

1. Benzo[g]quinoxalin-2-yl Acyclo C-Nucleosides 

Acyclo C-nucleosides of this class ( 770 ) were prepared by cyclocondensa¬ 
tion of alduloses ( 768 , Z = O) or their hydrazones [ 768 ; Z = Me(Ph)NN, 
PhCH 2 (Ph)NN] with 2,3-diaminonaphthalene ( 769 ) (58CB101) (Scheme 
199). 


Q. Pyrido[2,3-c]pyrazolo[3,4-6]pyrazine Acyclo C-Nucleosides 
1. Pyrido[2,3-c]pyrazolo[3,4-b]pyrazin-3-yl Acyclo C-Nucleosides 

The 1-phenylpyrazole ring of the acyclo C-nucleoside 771 was formed 
as shown in Scheme 200 by the base-catalyzed cyclodehydration of the 
imidic acid hydroxyl and hydrazono proton of the pyrido[2,3-6]pyrazin- 
3-yl acyclo C-nucleoside 742 (Section XII,I; Scheme 190) (64AGE802). 



CHzOH 




(CHOH ) 3 
CH*)H 


768 


Ph Ph 

Z=0, MeN-N , PhCH 2 N-N 


770 


Scheme 199 
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R. BENZO[g]PYRAZOLO[3,4-6]QUINOXALINE ACYCLO 
C-Nucleosides 

1. Benzo[g]pyrazolo[3,4-b]quinoxalin-3-yl C-Nucleosides 
{benzofg)flavazol-3-yl Acyclo C-Nucleosides } 

Reaction of 2-(D-arabmo-tetritol-l-yl)benzo[/]quinoxaline (772) (Sec¬ 
tion XII,O) with three molar equivalents of phenylhydrazine gave 
the 3-(D-ery//ira-l,2,3-hydroxypropyl)benzo[g]flavazole 773 (58CB113) 
(Scheme 201). 


S. BENZO[/l]PYRAZOLO[3,4-b]QUINOXALINE ACYCLO C-NUCLEOSIDES 

1. Benzo[h]pyrazolo[3,4-b]quinoxalin-3-yl C-Nucleosides 
{Benzo[h]flavazol-3-yl Acyclo C-Nucleosides } 

Applying the just-mentioned reaction to the benzo[g]quinoxalin-2-yl 
acyclo C-nucleoside 774 (Section II,P) gave 775 (58CB113) (Scheme 202). 



Scheme 201 
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HCI, AcOH , Heat 

774 775 

Scheme 202 

T. Benzo[/]pyrazolo[3,4-6]quinoxaline Acyclo C-Nucleosides 

1. Benzo[i]pyrazolo[3,4-b]quinoxalin-3-yl C-Nucleosides 
{Benzo[i]flavazol-3-yl Acyclo C-Nucleosides} 

Compound 777 of this type of acyclo C-nucleoside was prepared from 
the benzo[g]quinoxaIin-3-yl precursor 776 (Section XII,O) by reaction with 
phenylhydrazine (58CB113) (Scheme 203). 



HO OH 



U. Quinoxalino[7',6':2,3]quinoxaline Acyclo C-Nucleosides 

1. Quinoxalino[7',6' :2,3]quinoxalin-2-yl Acyclo C-Nucleosides 
Reaction of l-(N-methyl-7V-phenylhydrazono)-D-arai>mo-hexulose (778) 
with 2,3-diaminophenazine (779) produced 780 (58CB101) (Scheme 204). 


V. Pyrazolo[3,4-6]quinoxalino[7',6' : 2,3]quinoxaline 
Acyclo C-Nucleosides 

1. Pyrazolo[3,4-b]quinoxalino[7',6':2,3]quinoxalin-3-yl 
Acyclo C-Nucleosides 

The known example 781 of these compounds was obtained by reacting 
780 with phenylhydrazine (58CB113) (Scheme 204). 


1NHNH2. PrOH 
, AcOH , Heat 

776 




Scheme 203 


777 
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OH 781 


Scheme 204 

XIII. Condensed Oxazine C-Nucleosides 

A. Pyrrolo[ 3,2-rf ]oxazine C-Nucleosides 

1. Pyrrolo[3,2-d]oxazin-3-yl C-Nucleosides 

Construction of the oxazine ring of 783 was achieved by cyanation of 
the 4-amino-4-ethoxycarbonyl-pyrrol-3-yl C-nucleoside 337 with cyanogen 
bromide, followed by hydrolysis and cyclization of the ester cyanamide 782 
with methanolic potassium hydroxide. Removal of the sugar-protective 
ketal group gave 783, which possessed immunostimulant properties 
[85TL5785; 86JAP(K)86/260094] (Scheme 205). 

B. PYRAZ0L0[4,3-d]0XAZINE C-NUCLEOSIDES 
1. Pyrazolo[4,3-d]oxazin-3-yl C-Nucleosides 


The synthesis of the 3-/3-ribofuranosylpyrazolo[4,3-d]oxazine-5,7-dione 
409 as an intermediate during the synthesis of formamycin B (387) is in¬ 
cluded in Scheme 115 [71JCS(CC)986]. 



337 782 783 


R = H 


Scheme 205 
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C. Pyrazolo[3,4-i?]oxazine C-Nucleosides 
1. Pyrazolo[3,4-e]oxazin-3-yl C-Nucleosides 

3-/3-Ribofuranosylpyrazolo[3,4-e]oxazin-5,7-dione (786), the isomer of 
xanthosine and oxoformycin B (388), was prepared by carbonylation of 
the O-protected pyrazofurin 784 [97AHC(68)223] with l,l'-carbonyldiimi- 
dazole (CDI) [84JAP(K)84/184176, 84JCS(P1)553; 87MIP1, 87USP 
4656260] (Scheme 206). C-Nucleoside 786 has cytotoxic and virucidal 
activities equivalent or superior to those of pyrazofurin (87MIP1, 
87USP4656260); 786 appears to act as a prodrug of pyrazofurin (91JMC1951). 

Similar synthetic sequences to that shown in Scheme 206 were used for 
the preparation of the three pyrazol[3,4-e]oxazine C-nucleosides 787-789 
(85MI3; 91JMC1951). The guanosine isomer 787 showed marginal cytotox¬ 
icity toward L1210 leukemia cells (91JMC1951). 



787 


788 


789 
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Scheme 207 


D. BENZ0[d]0XAZINE ACYCLO C-NUCLEOSIDES 
1. BenzofdJoxazin-2-yl Acyclo C-Nucleosides 

Condensation of tetra-O-acetylgalactaroyl dichloride (790) with anthran- 
ilic acid formed the bis-amide 791, which was cyclodehydrated to the bis{4- 
oxobenzo[d]oxazin-2-yl} acyclo C-nucleoside 591 (87MI4) (Scheme 207). 
Compound 591 was used in the synthesis of the double-headed quinazolin- 
8-yl acyclo C-nucleosides 592 (Section XI,X; Scheme 158). 


XIV. Condensed 1,2,3-Triazine C-Nucleoside 

A. THiAZOLo[5,4-rf]l ,2,3 -triazine C-Nucleosides 
1. Thiazolof5,4-dJl,2,3-triazin-2-yl C-Nudeosides 

Treatment of the 5-amino-4-carboxamido-2-/3-D-ribofuranosylthiazole 
792 with sodium nitrite and hydrochloric acid effected the formation of the 
1,2,3-triazinone ring of 793 (85JOC1741) (Scheme 208). This C-nucleoside 
was not superior to tiazofurin (4-carboxamido-2-j8-D-ribofuranosylthiazole) 
[97AHC(68)223] against P388 and L1210 leukemic cells or Lewis lung 
carcinoma in culture (85JOC1741). 



792 793 

Scheme 208 
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XV. Condensed 1,2,4-triazine C-Nucleosides 

A. Pyrrolo[2,1-/]1,2,4-triazine C-Nucleosides 
1. Pyrrolo[2,l-f]l,2,4-triazin-7-yl C-Nucleosides 

Under slightly acidic conditions, the pyran ring of the semicarbazone 
794 underwent contraction to the 2-formyl-l-ureidopyrrol-5-yl C-nucleo- 
side 795. The latter was cyclodehydrated to 796 and de-O-protected to 797 
[92H(34)569] (Scheme 209). 

Klein and his group synthesized the 4-aminopyrrolo[2,l-/]l,2,4-triazin- 
7-yl C-nucleoside 803 that is related to formycin by multistep annulation 
of the 1,2,4-triazine ring onto the pyrrol-2-yl C-nucleoside 798 (94TL5339) 
(Scheme 210). C-Nucleoside 803 established pronounced in vitro growth- 
inhibitory activities against L-1210-C2, S180, and HL60-JG neoplastic cell 
lines (94TL5339). 

B. Pyrrolo[1 ,5-rf] 1 ,2,4-triazine C-Nucleosides 
1. Pyrrolo[l,5-d]l,2,4-triazin-8-yl C-Nucleosides 

The 3-formyl-4-/3-D-ribofuranosylpyrrole 804 was elaborated to 806 by 
reaction with methyl hydrazinocarboxylate to give the corresponding hydra- 



795 796 797 

R= PhCO 


Scheme 209 
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Scheme 210 


zone 805, which was then cyclized and de-O-protected to 806 (83MI7) 
(Scheme 211). 


C. Imidazo[5,1,-/]1,2,4-triazine C-Nucleosides 

1. Imidazo[5,l-f]l,2,4-triazin-7-yl C-Nucleosides 

Coupling the 2,5-anhydro-D-allonic acid derivative 79 with 6-amino- 
methyl-l,2,4-triazin-5-ones provided the respective amides 807, which were 
cyclodehydrated and de-O-blocked to 808 [84JCS(P1)229] (Scheme 212). 
The 2'-deoxy analogs of 808 were similarly prepared [85JCS(P1)621], 



804 805 


Scheme 211 


806 
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D. Imidazo[5,1 -/] 1 ,2,4-triazine Acyclo C-Nucleosides 
1. Imidazo[5,1-f]l,2,4-triazin-7-yl Acyclo C-Nucleosides 

The acyclo C-nucleoside 811 was prepared in a closely similar plan to 
that used for the synthesis of its cyclic analog 808. [2-(Benzoyloxy)ethoxy]- 
acetic acid was condensed with 6-aminomethyl-l,2,4-triazin-5-one to give 
amide 810, which was then cyclized and de-O-benzoylated to 811. This 
truncated sugar acyclo C-nucleoside did not inhibit herpes simplex viruses 
(HSV-1 and HSV-2) in cell culture (84JHC697) (Scheme 213). 

E. 1,2,4-Triazolo[3,4-/]1,2,4-triazine C-Nucleosides 
1. l,2,4-Triazolo[3,4-fJl,2,4-triazin-3-yl C-Nucleosides 

The 1,2,4-triazolo[3,4-/]l,2,4-triazin-3-yl C-nucleoside 814, related to 
guanosine, was obtained by cyclocondensation of 3,4,5-tri-0-benzoyl-2,5- 
anhydro-D-allonoyl chloride (812) with 3-amino-6-hydrazino-l,2,4-triazin- 



809 810 811 


R-PhCO.EEDQ- OQ-oe, 
COOEf 


Scheme 213 
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5-one followed by removal of the protective groups. Compounds 816, 818, 
and 819, belonging to this class and related to thioguanosine, adenosine 
and formycin, and inosine and formycin B, respectively, were prepared 
according to the nucleoside-nucleoside transformation approaches shown 
in Scheme 214 (86JMC2231). Only C-nucleoside 818 possessed pronounced 
antitumor activity toward L-1210, WIL2, and CCRF-CEM cell lines in 
culture (86JMC2231). 


F. 1 ,2,4-Triazolo[4,3-£>] 1 ,2,4-triazine Acyclo C-Nucleosides 
1. l,2,4-Triazolo[4,3-b]l,2,4-triazin-3-yl Acyclo C-Nucleosides 

Oxidative cyclization of (5,6-diphenyl-l,2,4-triazin-3-yl)hydraz.ones of al¬ 
dose monosaccharides (820) and concurrent acetylation of the alditolyl 
chain hydroxyls provided the corresponding O-acetylated 3-(alditol-l-yl)- 
6,7-diphenyl-l,2,4-triazolo[4,3-b]l,2,4-triazines 822 and not the alternative 
structure 823. De-O-acetylation of 822 gave 824 (96PHA707) (Scheme 215). 



817 818 819 


Scheme 214 
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The acyclo C-nucleoside 824 having an L-arahmo-tetritolyl chain possessed 
antibacterial activity against Bacillus subtilis (97UP2). 


G. 1,2,4-Triazolo[3,4-c]1,2,4-triazine Acyclo C-Nucleosides 
1. l,2,4-Triazolo[3,4-c]l,2,4-triazin-l-yl Acyclo C-Nucleosides 

Dehydrogenative cyclization of aldose {acenaphtho[l,2-e]l,2,4-triazin-3- 
yl}hydrazones (825) with ethanolic iron(III) chloride provided l-(alditol- 
l-yl)acenaphtho[l,2-e]l,2,4-triazolo[3,4-c]l,2,4-triazines (826). That cycli¬ 
zation occurred at N4 rather than at N2 of the 1,2,4-triazine ring was 
based on comparison with similar noncarbohydrate products (94BCJ149) 
(Scheme 216). 



825 

Scheme 216 


826 
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H. 1,2,4-Triazolo[3,4-/]1,2,4-triazine Acyclo C-Nucleosides 

1. l,2,4-Triazolo[3,4-fJl,2,4-triazin-3-yl Acyclo C-Nucleosides 

Coupling of [2-(benzoyloxy)ethoxy]acetic acid (809) or [2-(l,3-diben- 
zoyloxy)propoxy] acetic acid 829 with 3-amino-6-hydrazino-l,2,4-triazin-5- 
one gave the two amides 827 and 830, respectively. Thermal cyclodehydra¬ 
tion of 827 and 830 and subsequent deprotection gave the two truncated- 
sugar acyclo C-nucleosides 828 (84JHC697) and 831 (95MI6) (Scheme 217). 


XVI. Condensed 1,3,5-Triazine C-Nucleosides 

A. Pyrazolo[1 ,5-<z]1 ,3,5-triazine C-Nucleosides 
1. Pyrazolo[l,5-a]l,3,5-triazin-8-yl C-Nucleosides 

The most commonly used strategy for the synthesis of this class of C- 
nucleosides was the annulation of the 1,3,5-triazine ring onto suitably substi¬ 
tuted pyrazol-4-yl C-nucleosides. Thus, the C-nucleosides 836, related to 
adenosine and formycin, was prepared by reacting the 3-aminopyrazol- 
4-yl C-nucleoside 832 with ethoxy TV-cyanoformimidate (76JHC1305; 
96MI2) or by reacting the 3-amino-2-carbamimidoylpyrazol-4-yl C-nucleo¬ 
side 835 with triethyl orthoformate [84H(22)345] (Scheme 218). 


yAn, , H0 o.yv 

EEDQ , EtOH.HsO 1/ l.200t (CH20H) 2 


EEDQ , EtOH ,H2p 

6o-ro°c 


... xtx 


l.200t(CH20H)2 
2. NH 3 / MeOH 
827 828 


y N -y^nH 

^ ^O-NHg R ' 0 ^0°CHC^CW)2 H °y °\T ^ 
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Scheme 217 
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Prepared by similar reactions was the 8-(/3-D-ribofuranosyl)pyrazolo[l,5- 
a]l,3,5-triazin-4-one (840) related to inosine and formycin. In one route 
832 reacted with N-ethoxycarbonylformimidate (76JHC1305), and in the 
other the 3-amino-2-carbamoylpyrazol-4-yl C-nucleoside 839 reacted with 
triethyl orthoformate (80JHC1435) or l,3-dimethyl-l,3,5-triazine-2,6-dione 
in the presence of sodium ethoxide (86JHC349) (Scheme 219). 

4-Thioxo- (841) (79JOC4547; 84JHC389), 4-oxo-2-thioxo- (842) (76- 
JHC175), and 2-amino-4-oxopyrazolo[l,5-a]l,3,5-triazin-3-yl C-nucleosides 
(843) (79JOC4547) were also prepared by very similar reactions. 

C-Nucleosides 836,840, and 841 revealed potent antileukemic properties 
toward L-1210 and P815 cell lines in vitro (76JHC1305; 78MI4; 79JOC4547). 

Synthesis of the 2'-deoxy-/3-D-ribofuranosylpyrazolo[l,5-a]l,3,5-triazine 
847 has been achieved by C—C bond formation between the sugar and 
heterocycle subunits. Palladium-mediated coupling of the 3-O-silylated fu- 
ranoid glycal (1,2-unsaturated sugar) 454 with 8-iodo-4-(tetrahydropran-2- 
yloxy)pyrazolo[l,5-a]l,3,5-triazine in the presence of triphenylarsine gave 
844. De-O-silylation of 844 and stereospecific reduction of the keto group 
of 846 afforded 847 (95MI3) (Scheme 220). 
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B. Pyrazolo[1,5-/]1,3,5-triazine Acyclo C-Nucleosides 
1. Pyrazolo[l,5-f]l,3,5-triazin-8-yl Acyclo C-Nucleosides 

The acyclo C-nucleosides 850-852 were synthesized by reactions that 
involved the annulation of their 1,3,5-triazine rings onto the pyrazol-4-yl 
acyclo C-nucleosides 848 and 849, as shown in Scheme 221 (88JOC2413). 

C. Imidazo[ 1 ,5-fl] 1,3 ,5 -triazine Acyclo C-Nucleosides 
1. Imidazo[l,5-a]l,3,5-triazin-8-yl Acyclo C-Nucleosides 

cfy-l,2-Hydroxylation of the allyl double bond of 8-allylimidazo[l,5- 
n]l,3,5-triazin-4-ones (853) with osmium tetroxide gave the corresponding 
acyclo C-nucleosides of this type 854, which did not appreciably inhibit 
viruses or tumor cells (87MI5) (Scheme 222). 
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R = H, NH 2 , NHAc •, R 1 = H , Me 


Scheme 222 
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XVII. Condensed 1,4-Diazepine C-Nucleosides 


A. BENZO[6]THIAZOLO[3,2-rf]l,4-DIAZEPINE 

Acyclo C-Nucleosides 

1. Benzo[bJthiazolo[3,2-dJl,4-diazepin-l-yl Acyclo C-Nucleosides 

Cyclocondensation of 1-bromo-l-deoxy-D-ga/acto-heptulose penta- 
acetatet (151) with 2-amino-4-thioxo-4,5-dihydrobenz[b]l,4-diazepine-3- 
carboxyl acid ester provided 856 (Z = N) [85GEP(D)216938; 86PHA548] 
(Scheme 223). 

XVIII. Condensed 1,4-Oxazepine C-Nucleosides 

A. BENZO[6]THIAZOLO[3,2-rf]l,4-OXAZEPINE 
Acyclo C-Nucleosides 

1. Benzo[b]thiazolo[3,2-d]l,4-oxazepin-l-yl Acyclo C-Nucleosides 

The acyclo C-nucleosides 856 (Z = O) were prepared from 151 and 2- 
amino-4-thioxo-4,5-dihydro[b]l,4-oxazepine-3-carboxylic acid ester [85- 
GEP(D)216938; 86PHA548] (Scheme 223). 

XIX. Condensed 1,5-Diazepine C-Nucleosides 

A. Benzo[/]1,5-diazepine Homo C-Nucleosides 

1. Benzo[f]l,5-diazepin-4-yl Homo C-Nucleosides 

Mixtures of 7- and 8-subsituted benzo[/]-2-oxo-l,5-diazepin-4-yl homo 
C-nucleosides 857 were obtained by the reaction of 5-hydroxy-5-/3-D- 
ribofuanosylfuran-2-one (247) with 4-substituted-l,2-diaminobenzenes 



Scheme 223 
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in the presence of 2,3-dichloro-5,6-dicyano-l,4-benzoquinone (DDQ). De- 
O-benzylation of 857 gave the unprotected C-nucleosides 858 [91H- 
(32)1955; 92H(34)955] (Scheme 224). 


XX. Condensed 1,5-Thiazepine C-Nucleosides 

A. Benzo[/]1,5-thiazepine Homo C-Nucleosides 
1. Benzo[f]l,5-thiazepin-2-yl Homo C-Nucleosides 

Reaction of 247 with 2-aminothiophenol under the same conditions that 
were applied for the preparation of 857 gave 860 [92H(34)2131] (Scheme 
225). Attempted de-O-benzoylation of 860 resulted in the formation of the 
unsaturated C-nucleosides having a C=C between Cl' and C2' 
[92H(34)2131]. 



857 858 

R = PhCO, R 1 or R 2 ~CI or H , Me or H . N0 2 or H , R'~R 2 =H 


Scheme 224 
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Scheme 225 


XXL Condensed 1,3,5-Triazepine C-Nucleosides 

A. Benzo[/]1,3,5-triazepine Acyclo C-Nucleosides 
1. Benzo[f]l,3,5-triazepin-4-yl Acyclo C-Nucleosides 

2,3,4,5,6-Tetra-O-acetyl-D-gluconoyl isothiocyanate (603) cyclocon- 
densed with 1,2-diaminobenzene to give the acyclo C-nucleoside 861 
(Scheme 226). It possessed antibacterial, antiviral, and psychotropic activi¬ 
ties [75MI6; 76JAP(K)76/39685; 81CPB1832]. 


B. Pyrimido[4,5-/]1,3,5-triazepine Acyclo C-Nucleosides 
1. Pyrimido[4,5-f]l,3,5-triazepin-4-yl Acyclo C-Nucleosides 

Utilization of 4,5-diaminopyrimidines in place of 1,2-diaminobenzene in 
the aforementioned cyclocondensation reaction produced the acyclo C- 
nucleosides of this class 862 (Scheme 227) [76JAP(K)76/39685; 76MI6, 
81CPB1832]. 



603 


Scheme 226 


861 
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AcO OAc 




H or SH, R =SH , R'=H 

Scheme 227 


XXII. Conclusion 

The term “C-nucleoside” was only coined after isolation and character¬ 
ization of the first member of this class: pseudouridine, in 1975 [97ACH(ip)]. 
Before that, alditolyl derivatives of some heterocycles (acyclo C-nucleo- 
sides) were known both as natural products (alditolyl pteridines or biopter¬ 
ins) as well as products of syntheses (e.g., alditolyl derivatives of imidazoles, 
benzimidazoles, thiazoles, benzothiazoles, 1,2,3-triazoles, quinoxalines, and 
flavazoles) and were classified as “carbohydrate derivatives of heterocyclic 
compounds.” After isolation of pseudouridine, other naturally occurring 
members were successively isolated, characterized, and synthesized. It is 
worth mentioning that synthesis preceded isolation in two cases: 9-dea- 
zaadenosine and pyrrolosine. Comparison with the synthetic compounds 
facilitated structure elucidation in one case (9-deazaadenosine) and struc¬ 
ture reassignment in the other (pyrrolosine). 

C-Nucleosides are able to biologically mimic A-nucleosides without un¬ 
dergoing the same metabolic fate. As a result, they exhibit a wide spectrum 
of biological activities. Their promise in potential utilization as medicinal 
products stimulated extensive efforts to synthesize C-nucleosides as well 
as their analogs (homo, carbocyclic, reverse, and acyclo). Such efforts un¬ 
doubtedly have been encouraged by the persistent search for drugs that 
are able to inhibit human immunodeficiency viruses (HIV), the causative 
agent of AIDS. A reasonably large number of C-nucleosides carrying vari¬ 
ous five- and six-membered nitrogen-containing heterocycles were pre¬ 
pared. Less attention, however, was directed toward the synthesis of C- 
nucleosides of seven-membered nitrogen-containing heterocycles, to which 
many of the behavior-controlling drugs belong. Research along this line 
may lead to products with better properties to overcome the blood-brain 
barrier and/or the blood-cerebrospinal fluid barrier (93MI4). In short, the 
synthesis of new C-nucleosides and C-nucleoside analogs is highly desirable 
and awaits accomplishment. 
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Benzofuroxans, 10, 1; 29,251 
2/7-1-Benzopyrans (chrom-3-enes), 18, 159 
Benzo[c]pyrylium salts: syntheses, reactions, 
and physical properties, 50,157 
1,2- and 2,1-Benzothiazines and related 
compounds, 28, 73 

1,4-Benzothiazines and related compounds, 
38,135 

Benzo[6]thiophene chemistry, recent 
advances in, 11,177; 29,171 
Benzo[c]thiophenes, 14, 331 
1,2,3-Benzotriazines, 19, 215 
Benzyne, reactions with heterocyclic 
compounds, 28, 183 
Betaines, heterocyclic 
derivatives of alternant hydrocarbons, 

26, 1 

pyridinium and imidazolium azolate inner 
salts, 60,197 

Bicyclic 6/5 ring-fused systems with 
bridgehead nitrogen, 49,193 
Bifunctional nucleophiles: cyclizations and 
ring transformations on reaction of 
azines with, 43, 301 

Biological pyrimidines, tautomerism and 
electronic structure of, 18,199 
Bipyridines, 35, 281 
Boron-substituted heteroaromatic 
compounds, 46, 143 
Bridgehead nitrogen 
saturated bicyclic 6/5 ring-fused systems 
with, 49, 193 

Tricyclic compounds with a central 
pyrimidine ring and, 39, 281 


C 

sp 2 -Carbanionic centers in the vicinity of 
heterocyclic nitrogen atoms, generation 
and reactions, 56,155 
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9//-Carbazoles, recent advances in, 35, 83 
Carbazoles, 9-hydroxy-, 51, 168 
Carbenes 

and nitrenes, intramolecular reactions, 
28,231 

reactions with heterocyclic compounds, 
3,57 

Carbohydrates and other oxygen 

heterocycles, applications of mass 
spectral techniques and stereochemical 
considerations in, 42 , 335 
Carbolines, 3, 79 

Cationic polar cycloaddition, 16 , 289 ( 19 , xi) 
Cations, polycyclic aromatic nitrogen, 55,261 
Chemistry 

and rearrangements of 1,2- 

dihydroisoquinolines, 40 , 105 
of arene oxides, 37 , 67 
of aromatic azapentalenes, 22 , 183 
of 4-azaazulenes, 43 , 35 
of azaphosphorines, 43 , 1 
of 8-azapurines, 39 , 117 
of azomethine ylides, recent advances in, 
45 , 231 

of barbituric acid, recent progress in, 38, 
229 

of benzo[6]furan, Part I, occurrence and 
synthesis, 18 , 337 

of benzo[6]thiophenes, 11 , 177; 29 , 171 
of chrom-3-enes, 18 , 159 
of C-nucleosides of hetero monocyclic 
bases and their analogs, 68 , 225 
of C-nucleosides of condensed heterocyclic 
bases and their analogs, 70 , 163 
of diazabicycloundecene (DBU) and other 
pyrimidoazepines, 42 , 83 
of diazepines, 8 , 21 
of dibenzothiophenes, 16 , 181 
of dihydroazines, 38 , 1 
of 1,2-dioxetanes, 21 , 437 
of furans, 7 , 377 
of hydantoins, 38 , 177 
of isatin, 18 , 1 
of isoindoles, 29 , 341 
of isoxazolidines, 21 , 207 
of lactim ethers, 12 , 185 
of mononuclear isothiazoles, 14 , 1 
of 4-oxy- and 4-keto-l,2,3,4- 

tetrahydroisoquinolines, 15, 99 
of phenanthridines, 13 , 315 


of phenothiazines, 9 , 321 
of polycyclic isothiazoles, 38 , 1 
of pyrazoles condensed to heteroaromatic 
five- and six-membered rings, 48 , 223 
of pyrazolopyridines, 36 , 343 
of pyrazolopyrimidines, 41 , 319 
of pyrido[ 1,2-i>][ 1,2]oxazincs, 69 , 89 
of pyrido[l,2-c][l,3]oxazines, 70 , 1 
of pyrido[ 1,2-6|pyridazincs, 69 , 89 
of pyrido[l,2-a]pyrimidines, 33 , 241 
of pyrido[l,2-c]pyrimidines, 70 , 1 
of pyridof 1,2-i>][l ,2]thiazines, 69 , 89 
of pyrido[l,2-c][l,3]thiazines, 70 , 1 
of 1-pyrindines, 15 , 197 
of pyrrolizines, 37 , 1 
of tetrazoles, 21 , 323 
of 1,3,4-thiadiazoles, 9 , 165 
of thienothiophenes, 19 , 123 
of thiophenes, 1,1 

of thiophenium salts and thiophenium 
ylids, 45 , 151 

of triazolopyridines, 34, 79 
of unsaturated nitrogen heterocyclic 
compounds containing carbonyl 
groups, 58,171 

Chichibabin reaction, advances in, 44 , 1 
Chiral induction using heterocycles, 45 , 1 
Chrom-3-ene chemistry, advances in, 18 , 159 
Claisen rearrangements 
in heteroaromatic systems, 42 , 203 
in nitrogen heterocyclic systems, 8 , 143 
Complex metal hydrides, reduction of 
nitrogen heterocycles with, 6 , 45; 39 , 1 
Concept of aromaticity in heterocyclic 
chemistry, 56 , 303 
Condensed heterocyclo[n,m-«, b, or 
c]quinazolines, 52 , 1 
Condensed 4-thiazolidinones, 49 , 1 
Condensed thiophene systems, tetra- and 
pentacyclic, 32 , 127 
Condensed 1,2,4-triazines: I. Fused to 

heterocycles with three-, four-, and five- 
membered rings, 59 , 39 
Condensed l,2,4-triazolo[3,4-z] heterocycles, 
synthesis, 49 , 277 

Conformational equilibria in nitrogen- 
containing saturated six-membered 
rings, 36, 1 

Conformations of acyl groups in heterocyclic 
compounds, 41 , 75 
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Coordinated ligands, reactions of, 58, 123 
Covalent hydration 

in heteroaromatic compounds, 4,1, 43 
in nitrogen heterocycles, 20, 117 
Current views on some physicochemical 
aspects of purines, 24, 215 
Cyclazines and related N-bridged annulenes, 
22, 321 

Cyclic enamines and imines, 6, 147 
Cyclic hydroxamic acids, 10, 199 
Cyclic peroxides, 8, 165 
Cyclizations 

and ring transformations on reaction of 
azines with bifunctional nucleophiles, 
43, 301 

of nitrogen radicals in pyrrolidine 
synthesis, 58,1 

under Vilsmeier conditions, 31, 207 
Cycloaddition reactions 
cationic polar, 16, 289 (19, xi) 
of nitrile oxides with alkenes, 60, 261 
(2 + 2)-Cycloaddition and (2 + 2)- 

cycloreversion reactions of heterocyclic 
compounds, 21, 253 


D 

Dehydroacetic acid, triacetic acid lactone, 
and related pyrones, 53,1 
Developments in the chemistry 
of furans (1952-1963), 7, 377 
of Reissert compounds (1968-1978), 24, 
187 

of thiopyrans, selenopyrans, and 
telluropyrans, 59,179 

Dewar heterocycles and related compounds, 
31,169 

2.4- Dialkoxypyrimidines, Hilbert-Johnson 

reaction of, 8, 115 

Diazabicycloundecene (DBU) and other 
pyrimidoazepines, chemistry of, 42, 83 
Diazaquinones, 61, 59 
Diazepines, chemistry of, 8, 21 

1.4- Diazepines, 2,3-dihydro-, 17,1; 56, 1 
Diazines, functionalization by directed 

metalation, 52, 187 
Diazirines, diaziridines, 2, 83; 24, 63 
Diazoazoles, 48, 65 


1.2- Diazocincs, 1,3-diazocines, triazocines, 

and tetrazocines, 50, 1 

1.4- Diazocines, 45, 185 

1.5- Diazocines, 46, 1 

Diazo compounds, heterocyclic, 8, 1 
Diazomethane, reactions with heterocyclic 
compounds, 2, 245 
Dibenzofurans, 35, 1 
Dibenzothiophenes, chemistry of, 16, 181 
Dihydroazines, recent advances in chemistry 
of, 38, 1 

Dihydro-l,4-benzothiazines, and related 
compounds, 38, 135 

2.3- Dihydro-l,4-diazepincs, 17, 1 

2.3- Dihydro-l,4-diazepines and 2,3-dihydro- 

1,4-diazepinium salts, 56, 1 

1.2- Dihydroisoquinolines and related 
compounds, 14, 279; 40, 105 

1.3.2- Dioxathiolane oxides, 

epoxide equivalents and versatile synthons, 
68,89 

1.2- Dioxetanes, chemistry of, 21, 437 
Diquinolylmethane and its analogs, 7,153 
Directed metalation of ir-deficient aza- 

aromatics; strategies of functionalization 
of pyridines, quinolines, and diazines, 
52, 187 

gem-Dithienylalkanes and their derivatives, 
32,83 

1.2- Dithiole-3-thiones and l,2-dithiol-3-ones, 
31,63 

12- and 1,3-Dithiolium ions, 7, 39; 27, 151 
Dithiadiazolylium, 62, 139 
Dithiadiazolyl rings, 62,139 


E 

Electrochemical synthesis of pyridines, 37, 
167 

Electrolysis of /V-heterocyclic compounds 
Part 1,12, 213 
Part II, 36, 235 

Electronic aspects of purine tautomerism, 
13,77 

Electronic effects of heteroaromatic and 
substituted heteroaromatic groups, 

42,1 

Electronic structure 

of biological pyrimidines, tautomerism and, 
18, 199 

of heterocyclic sulfur compounds, 5, 1 
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Electrophiles, reactions of annular nitrogens 
of azines with, 43,127 
Electrophilic substitution of heterocycles: 

quantitative aspects, 47 
Electrophilic substitutions of five-membered 
rings, 13, 235 

Enamines and imines, cyclic, 6, 147 
/3-Enamino esters, heterocyclic, as 
heterocyclic synthons, 38, 299 
7r-Excessive heteroannulenes, medium-large 
and large, 23, 55 


F 

Ferrocenes, heterocyclic, 13,1 
Five-membered heteroaromatic anions, 
ring-opening of, 41, 41 
Five-membered heterocycles, ring 
transformations of, 56, 49 
Five-membered ring fluoro-heterocycles, 

60, 1 

Five-membered rings, electrophilic 
substitutions of, 13, 235 
Fluoro heterocycles with five-membered 
rings, 60, 1 

Fluoroheterocyclic chemistry, recent 
advances in, 59,1 

Formation of anionic <r-adducts from 
heteroaromatic compounds, 34, 305 
Four-membered rings containing one sulfur 
atom, 35, 199 

Free radical substitutions of heteroaromatic 
compounds, 2,131 

Furan chemistry, recent advances in, Part I, 
30, 167; Part II, 31, 237 
Furans, developments of the chemistry of 
(1952-1963), 7, 377 
Furans, dibenzo-, 35,1 
2,3,4-Furantriones, 53, 233 
Furoxans, 29, 251 


G 

Gas phase reactivity of heteroaromatic 
compounds, 40, 25 
Generation 

of nitrogen radicals and their cyclizations 
for the construction of the pyrrolidine 
nucleus, 58, 1 


and reactions of sp 2 -carbanionic centers i 
the vicinity of heterocyclic nitrogen 
atoms, 56, 155 

Grignard reagents, indole, 10, 43 


H 

Halogenation 
of heterocycles 
five-membered rings, 57, 291 
fused to other aromatic and 

heteroaromatic rings, 59, 245 
six- and seven-membered rings, 58, 271 
of heterocyclic compounds, 7,1 
Hammett equation, applications to 

heterocyclic compounds, 3, 209; 20,1 
Hetarynes, 4, 121 
Heteroadamantanes, 30, 79 
Heteroannulenes, medium-large and large 
tr-excessive, 23, 55 

Heteroaromatic At-aminoazonium salts, 

29, 71 

Heteroaromatic compounds 
free-radical substitutions of, 2,131 
homolytic substitution of, 16,123 
nitrogen, covalent hydration in, 4,1, 43 
prototropic tautomerism of, 1, 311, 339; 2, 
1, 27; SI 

quaternization of, 22, 71 
reactivity of, in gas phase, 40, 25 
Heteroaromatic AMmines, 17, 213; 29, 71 
Heteroaromatic nitro compounds, ring 
synthesis of, 25, 113 

Heteroaromatic radicals. Part I, general 
properties; radicals with Group V ring 
heteroatoms, 25, 205; Part II, radicals 
with Group VI and Groups V and VI 
ring heteroatoms, 27, 31 
Heteroaromatic and substituted 

heteroaromatic groups, electronic 
effects, 42, 1 

Heteroaromatic substitution, nucleophilic, 

3, 283 

Heteroaromatic sulfoxides and sulfones: 
ligand exchange and coupling in 
sulfuranes and ipso-substitutions, 49, 1 
Heteroaromatic systems, Claisen 
rearrangements in, 42, 203 
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Heteroaromatics, quantitative analysis of 
steric effects in, 43, 173 
Heterocycles 
aromaticity of, 17, 255 
chiral induction using, 45, 1 
containing the sulfamide moiety, 44, SI 
contraction of, by sulfur extrusion, 65, 39 
halogenation of, 7, 1; 57, 291; 58, 271; 

59, 245 

nomenclature of, 20, 175 
phosphorus, from a- 

hydroxyalkylphosphines and 
vinylphophines, 61, 59 
photochemistry of, 11,1 
quantitative aspects of electrophilic 
substitution of, 47 
synthesis from azadienes, 57,1 
by ring closure of ortho-substituted 
t-anilines, 14, 211, 65,1 
Heterocycles, phenyl-substituted, nitration 
of, 58, 215 

Heterocyclic betaine derivatives of alternant 
hydrocarbons, 26,1 
Heterocyclic betaines: pyridinium 

(imidazolium) azolate inner salts with 
several interannular linkages, 60, 197 
Heterocyclic chemistry 
applications of phase-transfer catalysis in 
36,175 

literature of, 7, 225; 25, 303; 44, 269; 
55,31 

Heterocyclic compounds 
application of Hammett equation to, 3,209; 
20,1 

(2 + 2)-cycloaddition and (2 + 2)- 
cycloreversion reactions of, 21, 253 
halogenation of, 7,1 
isotopic hydrogen labeling of, 15, 137 
mass spectrometry of, 7, 301 
quatemization of, 3,1; 22, 71 
reactions of, with carbenes, 3, 57 
reactions of diazomethane with, 2, 245 
reactions with benzyne, 28, 183 
TV-Heterocyclic compounds (see also 
Nitrogen heterocycles) 
containing carbonyl groups, chemistry of, 
58,171 

electrolysis of, 12, 213 
photochemistry of, 30,239 
reaction of acetylenecarboxylic acids and 
esters with, 1,125; 23, 263 


Heterocyclic diazo compounds, 8, 1 
Heterocyclic ferrocenes, 13,1 
Heterocyclic hydrazonoyl halides, chemistry 
of, 63, 277 

Heterocyclic iminium salts, oxidative 
transformation, 41, 275 
Heterocyclic oligomers, 15, 1 
Heterocyclic products, natural, synthesis of 
by hetero Diels-Alder cycloaddition 
reactions, 42, 245 

Heterocyclic pseudobases, 1, 167; 25, 1 
Heterocyclic quinones, 45, 37 
Heterocyclic sulphur compounds, electronic 
structure of, 5,1 

Heterocyclic synthesis, see also Synthesis 
azodicarbonyl compounds and, 30,1 
carbines and carbenoids in, 65, 93 
enaminones in, 67, 209 
heterocyclic /3-enamino esters and, 38, 299 
iminophosphoranes, 64,159 
involving nitrilium salts and nitriles under 
acidic conditions, 6, 95 
through nucleophilic additions to 
acetylenic ester, 19, 279 
sulfur transfer reagents in, 30, 47 
thioureas in, 18, 99 
uses of isatoic anhydrides in, 28, 73 
using aminomethylenemalonates, 54 
using new heterodienophiles, 55,1 
using organohypervalent iodine reagents, 
69, 1 

uracils in, 55,129 

Hetero Diels-Alder cycloaddition reactions, 
synthesis of natural heterocyclic 
products by, 42, 245 
Heterodienophiles, new, heterocyclic 
synthesis using, 55,1 
Heteropentalenes, 69, 271 
Hilbert-Johnson reaction of 2,4- 

dialkoxypyrimidines with halogenoses, 
8, 115 

Homolytic substitution of heteroaromatic 
compounds, 16, 123 
Hydantoins, chemistry of, 38,177 
Hydrogen cyanide derivatives, synthesis of 
heterocycles from, 41, 1 
Hydrogen exchange 
base-catalyzed, 16,1 
one-step (labeling) methods, 15,137 
Hydrogenated porphyrin derivatives: 

hydroporphyrins, 43,73 
Hydroxamic acids, cyclic, 10,199 
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1-Hydroxypyrroles, 1-hydroxyindoles, and 
9-hydroxycarbazoles, 51, 105 


Imidazole chemistry, advances in, 12, 103; 
27, 241 

2//-Imidazoles, 35, 375 
4//-Imidazoles, 35, 413 
Imidazolium azolate inner salts, 60, 197 
A-Imines, heteroaromatic, 17, 213; 29, 71 
Iminium salts, oxidative transformation of 
heterocyclic, 41, 275 
Indole Grignard reagents, 10, 43 
Indole(s) 

acid-catalyzed polymerization, 2, 287 
and derivatives, application of NMR 
spectroscopy to, 15, 277 
1-hydroxy-, 51, 119 

Indolizine chemistry, advances in, 23, 103 
Indolones, isatogens and, 22, 123 
Indoxazenes, 8, 277; 29,1 
Isatin, chemistry of, 18,1 
Isatogens and indolones, 22, 123 
Isatoic anhydrides, uses in heterocyclic 
synthesis, 28, 127 
Isoindoles, 10, 113; 29, 341 
Isoquinolines 
1,2-dihydro-, 14, 279 
4-oxy- and 4-keto-l,2,3,4-tetrahydro-, 

15, 99 

3(2//)-Isoquinolinones and their saturated 
derivatives, 52, 155 
Isothiazoles, 4,107 
recent advances in the chemistry of 
monocyclic, 14,1 

polycyclic, recent advances in chemistry of, 
38,105 

Isotopic hydrogen labeling of heterocyclic 
compounds, one-step methods, 15, 137 
Isoxazole chemistry, recent developments in, 
2, 365; since 1963; 25, 147 
Isoxazolidines, chemistry of, 21, 207 


L 

Lactim ethers, chemistry of, 12,185 
Ligand exchange and coupling in sulfuranes 
and ip.TO-substitutions, 48,1 


Ligands, coordinated, reactions of, 58,123 
Literature of heterocyclic chemistry, 7, 225; 
25, 303; 44, 269; 55, 31 


M 

Mass spectral techniques in heterocyclic 
chemistry: applications and 
stereochemical considerations in 
carbohydrates and other oxygen 
heterocycles, 42, 335 
Mass spectrometry 
of heterocyclic compunds, 7, 301 
of nucleic acids, 39, 79 
Medium-large and large ^-excessive 
heteroannulenes, 23, 55 
Meso-ionic compounds, 19,1 
Metal catalysts, action on pyridines, 2,179 
Metalation, directed, of pyridines, quinolines, 
and diazines, 52,187 

Metallacycloalkanes and -alkenes, 39, 237 
Methylazines, 68, 181 
Methylpyridines, 68,181 
Monoazaindoles, 9, 27 
Monocyclic pyrroles, oxidation of, 15, 67 
Monocyclic sulfur-containing pyrones, 8,219 
Mononuclear heterocyclic rearrangements, 
29,141 

Mononuclear isothiazoles, recent advances in 
chemistry of, 14,1 
Monoquinones, 61, 59 


N 

Naphthalen-l,4-imines, 16, 87 

Naphthyridines, 11,124 
reactivity of, toward nitrogen nucleophiles, 
33, 95 

recent developments in chemistry of, 33, 
147 

Natural heterocyclic products by hetero 
Diels-Alder cycloaddition reactions, 
synthesis of, 42, 245 

Natural products, synthesis via aziridine 
intermediates, 39,181 

New developments in the chemistry of 
oxazolones, 21, 175 
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A'-Fluoropyridinium salts, 62,1 
Nitration of phenyl-substituted heterocycles, 
58, 215 

Nitrenes, carbenes and, intramolecular 
reactions of, 28, 231 

Nitrile oxides, cycloadditions with alkenes, 
60, 261 

Nitriles and nitrilium salts, heterocyclic 
synthesis involving, 6, 95 
Nitro-compounds, heteroaromatic, ring 
synthesis of, 25, 113 
Nitrogen-bridged six-membered ring 
systems, 16, 87 

Nitrogen heterocycles (see also 
N -Heterocyclic compounds) 
advances in amination of, 49,117 
aromatic six-membered, regioselective 
substitution in, 44,199 
conformational equilibria in saturated 
six-membered rings, 36, 1 
covalent hydration in, 20, 117 
photochemistry of, 30, 239 
reactions of acetylenecarboxylic esters 
with, 23, 263 

reduction of, with complex metal hydrides, 
6, 45; 39,1 

Nitrogen heterocyclic systems, Claisen 
rearrangements in, 8,143 
Nitrogen radicals, generation and cyclization, 
58, 1 

Nomenclature of heterocycles, 20,175 
Nuclear magnetic resonance spectroscopy, 
application to indoles, 15, 277 
Nucleic acids, mass spectrometry of, 39, 79 
Nucleophiles, 

bifunctional, cyclisations and ring 

transformations on reaction of azines 
with, 43, 301 

cycloadditions and reactions of 
oxa-aromatics with, 65, 283 
reactivity of azine derivatives with, 4,145 
Nucleophilic additions to acetylenic esters, 
synthesis of heterocycles through, 19,299 
Nucleophilic aromatic heterocycles, 
ambident 

palladium(0)-catalyzed allylation, 66, 73 
Nucleophilic heteroaromatic substitution, 3, 
285 

O 

Olefin synthesis with anils, 23,171 
Oligomers, heterocyclic, 15, 1 


Organocobalt-catalyzed synthesis of 
pyridines, 48, 177 

Organometallic compounds, transition metal, 
use in heterocyclic synthesis, 30, 321 
coupling reactions in jr-deficient 
azaheterocycles, 62, 305 
Oxa-aromatics, cycloadditions and reactions 
with nucleophiles, 65, 283 

1.3.4- Oxadiazole chemistry, recent advances 
in, 7,183 

1.2.4- Oxadiazoles, 20, 65 

1.2.5- Oxadiazoles, 29, 251 
1,3-Oxazine derivatives, 2, 311; 23,1 

synthesis and stereochemistry of, 69, 349 
Oxaziridines, 2, 83; 24, 63 
Oxazole chemistry, advances in, 17, 99 
Oxazolone chemistry 
new developments in, 21,175 
recent advances in, 4, 75 
Oxidation of monocyclic pyrroles, 15, 67 
Oxidative transformations of heteroaromatic 
iminium salts, 41, 275 

3- Oxo-2,3-dihydrobenz[d]isothiazole 1,1- 

dioxide (saccharin) and derivatives, 15, 
233 

Oxygen heterocycles, applications of mass 
spectral techniques and stereochemical 
considerations in carbohydrates and 
others, 42, 335 

4- Oxy- and 4-keto-l,2,3,4- 

tetrahydroisoquinolines, chemistry of, 
15,99 


P 

Pentazoles, 3, 373 

Peri-annellated heterocyclic systems, 
synthesis, 51,1 

Peroxides, cyclic, 8, 165 (see also 
1,2-Dioxetanes) 

Phase transfer catalysis, applications in 
heterocyclic chemistry, 36, 175 
Phenanthridine chemistry, recent 
developments in, 13,315 
Phenanthrolines, 22,1 
Phenothiazines, chemistry of, 9, 321 
Phenoxazines, 8, 83 
Photochemistry 
of heterocycles, 11, 1 
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of nitrogen-containing heterocycles, 30,239 
of oxygen- and suifur-containing 
heterocycles, 33, 1 

Physicochemical aspects of purines, 6, 1; 24, 
215 

Physicochemical properties 
of azines, 5, 69 
of pyrroles, 11, 383 

Piperazine-2,5-diones and related lactim 
ethers, 57, 187 
3-Piperideines, 12, 43 

Polycyclic aromatic nitrogen cations, 55, 261 
Polyfluoroheteroaromatic compounds, 28, 1 
Polymerization of pyrroles and indoles, 
acid-catalyzed, 2,1 
Porphyrin derivatives, hydrogenated: 

hydroporphyrins, 43, 73 
Preparation of pyrroles from ketoximes and 
acetylenes, 51,177 

Present state of selenazole chemistry, 2, 343 
Progress in pyrazole chemistry, 6, 347 
Prototropic tautomerism of heteroaromatic 
compounds, 1, 311, 339; 2,1, 27; SI 
Pseudoazulenes, 33,185 
Pseudobases, heterocyclic, 1,167; 25,1 
Purine bases, aza analogs of, 1,189 
Purines 

physicochemical aspects of, 6,1; 24, 215 
tautomerism, electronic aspects of, 13, 77 
Pyrans, new developments, 62, 19 
thiopyrans, and selenopyrans, 34,145 
Pyrazine chemistry, recent advances in, 14, 
99; see also Piperazinediones 
Pyrazole chemistry, progress in, 6, 347 
3/7-Pyrazoles, 34, 1 
4/7-Pyrazoles, 34, 53 
Pyrazoles condensed to heteroaromatic 
five- and six-membered rings, 48, 223 
Pyrazolopyridines, 36, 343 
Pyrazolopyrimidines, chemistry of, 41, 319 
Pyridazine chemistry, advances in, 49, 385 
Pyridazines, 9, 211; 24, 363; 49, 385 
Pyridine(s) 

action of metal catalysts on, 2,179 
effect of substituents on substitution in, 

6, 229 

functionalization by directed metalation, 
52,187 

organocobalt-catalyzed synthesis, 48,177 
synthesis by electrochemical methods, 37, 
167 

1,2,3,6-tetrahydro-, 12, 43 


Pyridinium azolate inner salts, 60, 197 
Pyridoindoles (the carbolines), 3, 79 
Pyridopyrimidines, 10, 149 
Pyrido[l,2-a]pyrimidines, chemistry of, 33, 
241 

recent developments, 63, 103 
Pyrimidine bases, aza analogs of, 1, 189 
Pyrimidine ring annelation to an existing ring, 
32, 1 

Pyrimidine ring, tricyclic compounds with a 
central, 39, 281 
Pyrimidines 

2,4-dialkoxy-, Hilbert-Johnson reaction of, 
8,115 

fused tricyclic, 39, 281 
synthesis and stereochemistry of, 69, 349 
tautomerism and electronic structure of 
biological, 18,199 
Pyrimidoazepines, chemistry of 

diazabicycloundecene (DBU) and other, 
42,83 

1- Pyrindines, chemistry of, 15, 197 
Pyrones, monocyclic sulfur-containing, 8, 

219 

2- Pyrones, 4-oxy-substituted, dehydroacetic 

acid and related systems, 53,1 
Pyrroles 

acid-catalyzed polymerization of, 2, 287 
1-hydroxy-, 51, 105 
from ketoximes and acetylenes, 
preparations, 51, 177 
oxidation of monocyclic, 15, 67 
physicochemical properties of, 11, 383 
2 H- and 3/7-Pyrroles, 32, 233 
Pyrrolidines, generation by radical 
cyclizations, 58, 1 

Pyrrolizidine chemistry, 5, 315; 24, 247 
Pyrrolizines, chemistry of, 37,1 
Pyrrolodiazines with a bridgehead nitrogen, 

21,1 

Pyrrolopyridines, 9, 27 
Pyrylium salts 
syntheses, 10, 241 
syntheses, reactions, and physical 
properties, S2 


Q 

Quantitative analysis of steric effects in 
heteroaromatics, 43,173 
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Quaternization 

of heteroaromatic compounds, 22, 71 
of heterocyclic compounds, 3,1 
Quinazolines, 1, 253; 24,1 
Quinazolines, fused, 52, 1 
Quinolines, functionalization by directed 
metalation, 52, 187 
Quinolizines, aromatic, 5, 291; 31,1 
Quinones, heterocyclic, 45, 37 
Quinoxaline chemistry 
developments 1963-1975, 22, 367 
recent advances in, 2, 203 
Quinuclidine chemistry, 11,473 


R 

Radicals, see also Substitution, free-radical 
and homolytic 

heteroaromatic, 25,205; 27, 31 
nitrogen, cyclization of, 58,1 
Reactions 

of annular nitrogens of azines with 
electrophiles, 43,127 
of azines with bifunctional nucleophiles: 
cyclizations and ring transformations, 
43,301 

of sp 2 -carbanionic centers in the vicinity 
of heterocyclic nitrogen atoms, 56, 
155 

of coordinated ligands, 58,123 
Reactivity 

of heteroaromatic compounds in the gas 
phase, 40, 25 

of naphthyridines toward nitrogen 
nucleophiles, 33, 95 

Rearrangements, mononuclear heterocyclic, 
29, 141 

Recent advances 

azomethine ylide chemistry, 45, 231 
in benzo[b]thiophene chemistry, 11,177 
in fluoroheterocyclic chemistry, 59,1 
in furan chemistry 
Part I, 30, 168 
Part II, 31, 237 

in 1,3,4-oxadiazole chemistry, 7,183 
in oxazolone chemistry, 4, 75 
in pyrazine chemistry, 14, 99 
in pyridazine chemistry, 24, 363 
in quinoxaline chemistry, 2, 203 


in tetrazole chemistry, 21, 323 
in the chemistry 

of benzisothiazoles and other polycyclic 
isothiazoles, 38,105 
of benzo[6]furans, occurrence and 
synthesis, 18, 337 
of benzo[6]thiophenes, 29, 171 
of 9//-carbazoles, 35, 83 
of dibenzothiophenes, 16,181 
of dihydroazines, 38,1 
of mononuclear isothiazoles, 14, 1 
of phenothiazines, 9,321 
of 1,3,4-thiadiazoles, 9, 165 
of thiophenes, 1,1 
Recent developments 
in naphthyridine chemistry, 33,147 
in isoxazole chemistry, 2, 365 
in phenanthridine chemistry, 13, 315 
Recent progress in barbituric acid chemistry, 
38, 229 

Reduction of nitrogen heterocycles with 
complex metal hydrides, 6, 45; 39,1 
Regioselective substitution in aromatic 
six-membered nitrogen heterocycles, 

44, 199 

Reissert compounds, 9,1; 24,187 
Ring closure of ortho-substituted t-anilines, 
heterocycles by, 14, 211, 65, 1 
Ring-opening of flve-membered 
heteroaromatic anions, 41, 41 
Ring synthesis of heteroaromatic nitro 
compounds, 25,113 
Ring transformations 
and cyclizations on reaction of azines with 
bifunctional nucleophiles, 43, 301 
of flve-membered heterocycles, 56, 49 


S 

Saccharin and derivatives, 15, 233 
Salts 

1,3-Oxazinium and 3-Azapyrylium, 64,341 
S-, Se-, and 

7e(perflouroalkyl)dibenzothiophenium, 
-selenophenium, and -tellurophenium, 
64,323 

Saturated bicyclic 6/5 ring-fused systems with 
bridgehead nitrogen and a single 
additional heteroatom, 49,193 
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Selenazole chemistry, present state of, 2, 
343 

Selenium-nitrogen heterocycles, 24,109 
Selenophene chemistry, advances in, 12,1 
Selenophenes, 30, 127 
Selenopyrans, 34, 145; 59, 179 
Selenopyrylium salts, 60, 65 
Six-membered oxygen-containing rings, 
saturated, analysis of, 69, 217 
Six-membered ring systems, nitrogen 
bridged, 16, 87 

Steric effects in heteroaromatics, quantitative 
analysis of, 43, 173 
Substitution(s) 

electrophilic, of five-membered rings, 13, 
235 

free radical, of heteroaromatic compounds, 
2,131 

homolytic, of heteroaromatic compounds, 
16,123 

nucleophilic heteroaromatic, 3, 285 
in pyridines, effect of substituents, 6, 

229 

regioselective, in aromatic six-membered 
nitrogen heterocycles, 44,199 
Sulfamide moiety, heterocycles containing 
the, 44, 81 

Sulfoxides and sulfones: heteroaromatic, 

48,1 

Sulfur compounds 

electronic structure of heterocyclic, 5,1 
four-membered rings, 35,199 
Sulfur transfer reagents in heterocyclic 
synthesis, 30, 47 

Sulfuranes, ligand exchange in, 48, 1 
Synthesis, see also Heterocyclic synthesis 
and biological activities of condensed 
heterocyclo[n,m-a, b, or 
cjquinazolines, 52, 1 
of condensed l,2,4-triazolo[3,4- 
zjheterocycles, 49, 277 
from hydrogen cyanide derivatives, 

41.1 

of heterocycles from azadienes, 57,1 
from nitrilium salts and nitriles under acidic 
conditions, 6, 95 

of natural heterocyclic products by hetero 
Diels-Alder cycloaddition reactions, 
42, 245 

of peri-annellated heterocyclic systems, 

51.1 


of pyridines by electrochemical me thods, 
37,167 

of pyrrolidines by nitrogen radical 
cyclization. 58, 1 

of quaternary benzo[c]phenanthridine 
alkaloids, 67, 345 
and reaction of 1-azirines, 13, 45 
by ring-closure of o-substituted t- 
anilines, 14, 211 

of tetracyclic and pentacyclic condensed 
thiophene systems, 32, 127 
thienopyrimidines, 65, 235 
thioureas in, 18, 99 
through nucleophilic additions to 
acetylenic esters, 19, 279 


T 

Tautomeric 

intramolecular reversible addition 
reaction to, 

C=0 group, 64, 251 
C=N group, 66,1 
C=N group, 66, 1 
C=C group, 66,1 
C=C group, 66,1 
Tautomerism 

electronic aspects of purine, 13, 77 
and electronic structure of biological 
pyrimidines, 18, 99 

proto tropic, of heteroaromatic compounds, 
1, 311, 339; 2, 1, 27; SI 
Tellurium atom, 6-membered heterocycles 
with a, 63,1 

Tellurium-containing heterocycles with two 
heteroatoms, 58, 47 

Tellurophene and related compounds, 21,119 
Telluropyrans, 59,179 
Telluropyrylium salts, 60, 65 
1,2,3,4-Tetrahydroisoquinolines, 4-oxy- and 
4-keto-, 15, 99 

1,2,3,6-Tetrahydropyridines, 12, 43 
Tetramic acid chemistry, advances in, 57,139 
Tetrathia- and Tetraselenafulvalenes, 
reactivity, 62, 249 
Tetrazocines, 50, 1 

Tetrazole chemistry, recent advances in, 21, 
323 

Theoretical studies of physicochemical 

properties and reactivity of azines, 5, 69 
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Thiadiazines with adjacent sulfur and nitrogen 
ring atoms, 50,255 

1.2.4- Thiadiazoles, 5,119; 32,285 

1.2.5- Thiadiazoles, chemistry of, 9,107 

1.3.4- Thiadiazoles, recent advances in the 
chemistry of, 9,165 

Thianthrenes, 48,301 
Thiathiophthenes (l,6,6aS IV - 
trithiapentalenes), 13,161 

1.2.3.4- Thiatriazoles, 3,263; 20,145 

1.3- Thiazin-4-ones, 

chemistry of, and their derivitives, 66,131 

1.3- Thiazines, 50,85 

synthesis and stereochemistry of, 69,349 

1.4- Thiazines and their dihydro derivatives, 

24,293 

4-Thiazolidinones, 25,83 
4-Thiazolidinones, condensed, 49,1 
Thienopyridines, 21,65 
Thienopyrimidines, 

synthesis, chemistry, and biological 
properties, 66,193 

synthesis, reactions, biological activity, 65, 
235 

Thienothiophenes and related systems, 
chemistry of, 19,123 

Thiochromanones and related compounds, 
18,59 

Thiocoumarins, 26,115 
Thiophenes, recent advances in the chemistry 
of, 1,1 

Thiophenium salts and thiophenium ylids, 
chemistry of, 45,151 
Thiopyrans, 34,145; 59,179 
Thiopyrones (monocyclic sulfur-containing 
pyrones), 8,219 

Thiopyrylium, selenopyrylium, and 
telluropyrylium salts, 60,65 
Thioureas in synthesis of heterocycles, 18,99 
Three-membered rings with two heteroatoms, 
2,83; 24,63 

Transition organometallic compounds in 
heterocyclic synthesis, use of, 30,321 
Triacetic acid lactone and related pyrones, 
53,1 

1,3,5-, 1,3,6-, 1,3,7-, and 1,3,8- 
Triazanaphthalenes, 10,149 

1.2.3- Triazines, 19,215 

1.2.4- Triazines, 


fused to two heterocyclic rings, 61,209 
fused to heterocycles with 6- and 7- 
membered rings, 61,209 
reactions with C-, N-, O-, and S- 
nucleophiles, 46,73 
Triazocines, 50,1 

1,2,3-Triazoles, 16,33 

1.2.3- Triazoles, 4-amino-, 40,129 
A 2 -l,2,3-Triazolines, 37,217 

A 3 - and A 4 -l,2,3-Triazolines, 37,351 

1.2.4- Triazolines, 46,169 

1.2.4- Triazoline-3,5-diones, 67,119 

1.2.4- Triazolo[3,4-z]heterocycles, 
synthesis, 49,277 

Triazolopyridines, 34,79 

1.2.3- Triazolo[4,5-d] pyrimidines 
(8-azapurines), chemistry of, 39,117 

1.2.4- Triazolo[l,5-fl]pyrimidines, 57,81 
Tricycliccompounds with a central pyrimidine 

ring and one bridgehead nitrogen, 39,281 
l,6,6aS IV -Trithiapentalenes, 13,161 
Tropones with fused heterocyclic rings, 
synthesis, 64,81 

structure, reactivity, and application, 66,285 
Tropolones with fused heterocyclic rings 
synthesis, 64,81 

structure, reactivity, and application, 66,285 
Tropylium salts with fused hetercyclic rings 
synthesis, 64,81 

structure, reactivity, and application, 66,285 


U 

Unsaturated nitrogen heterocyclic 

compounds containing carbonyl groups, 
chemistry of, 58,171 
Uracils: versatile starting materials in 
heterocyclic synthesis, 55,129 
Use of transition organometallic compounds 
in heterocyclic synthesis, 30,321 


V 

Vinyl heterocycles, cycloaddition reactions 
with, 63,339 

Vilsmeier conditions, cyclization under, 31, 
207 
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4-Acetamido-l-acetyl-2-methylimidazole, 

61, 8 

3-Acetamido-2-cyanothiophene, reaction 
with sodium hydrogen sulfide, 65, 257 

2-Acetamido-2-deoxy-/3-D- 

glycopyranosylamines, acetolysis, 68,288 
2-Acetamido-l ,2-dideoxy-D- 

galactonojirimycin, synthesis, 68, 149 
2-Acetamido-3,4-dihydro-2//- 

pyridopyrimidin-4-ones, 63, 188 
2-Acetamido-4,5-dihydrothiophene-3- 
carbonitrile, reaction with ethyl 
cyanoacetate, 66, 211 
4(5)-Acetamidoimidazole, hydrolytic 
decomposition, 61,10 

2- Acetamido-l,4-naphthoquinone, from /3- 

naphthylamine, 69, 57 

3- Acetamido-2-picoline, /V-nitrosation and 

cyclisation to pyrazolopyridine, 68, 202 

2- Acetamido-l,3,4-thiadiazole acyclo C- 

nucleoside, 68, 337 

Acetamidrazonium iodides, ring chain 
tautomerisation, 66, 29 
/V-Acetoacetylcarboxamides, acid catalysed 
reaction with hydrogen sulfide to give 
l,3-thiazin-4-ones, 66, 137 
Acetone S-alkylisothiosemicarbazonium 
halides, ring chain tautomerisation, 

66, 27 

Acetone 2,4-dimethylthiosemicarbazone, 
ring chain tautomerisation, 66, 51 
Acetone 4-phenylsemicarbazone, oxidative 
cyclisation, 69, 42 

3- Acetonyltropolone, from furotropones, 

66, 368 

precursor to fused tropones, 64, 105 


Acetophenone A-(o-aminobenzoyl)-A r - 
methylhydrazone, ring chain 
tautomerisation 66, 35 
Acetophenone 4-methylthiosemicarbazones, 
ring chain tautomerisation, 66, 52 
Acetophenone silyl enol ether, oxidation with 
iodosobenzene to give iodonium salt, 
69, 18 

Acetophenone thiosemicarbazone, ring chain 
tautomerisation, 66, 51 
9-[Acetoxy-3-(acetoxymethyl)butyl]-2- 
aminopurine, 68, 28, 68, 36 
crystal and molecular structure, 68, 38 

3- Acetoxy-2-acetoxymethyl-2//-pyran, 

62,63 

l-Acetoxy-l-(4-aryl-2-thiazolyl)-2- 
aroylhydrazines, 69, 46 

1- Acetoxy-2-benzopyran-4-one, conversion 

to oxidopyryliumylide and trapping with 
dipolarophiles, 65, 360 
5-Acetoxybenzo[b]thiepin, extrusion of 
sulfur, 65, 47 

4- Acetoxybenzylthiotetrathiafulvalenes, 62, 

267 

3-Acetoxy-2,3'-bibenzofuran, 67, 18 

3- Acetoxy-l-cyano-9,10-dimethoxy-3,4,6,7- 

tetrahydro-2//-pyrimido[6,l-a] 
isoquinoline, loss of acetate on heating, 
70,46 

4- Acetoxy-cw-cyclopent-2-ene-0-phosphate, 

Pd(0) catalysed allylation, 66,123 
(2-Acetoxyethoxy)methyl chloride, 69, 130 
(2-Acetoxyethoxymethyl)imidazothiazine 
nucleosides, 69, 140 

2- Acetoxyethyl acetoxymethyl ether, 

reaction with silylated quinolines, 69,133 


365 
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2-(Acetoxymethoxy)-l,3- 

dibenzyloxypropane, reaction with 
nucleosides to give acylonucleosides, 
68,6 

2-(Acetoxymethoxy)ethyl acetate, coupling 
with purines, 69, 135 
ll-Acetoxy-6- 

methylbenzo[c]phenanthridine, 
synthesis, 67 , 379; 67 , 381 

2-0-(Acetoxymethyl)-l,3-di-0- 

benzylglycerol, as a precursor of 
acylnucleosides, 68, 2 

2- Acetoxymethyl-4-iodobutylacetate, 

reaction with purines to 
acylonucleosides, 68, 28 

3- Acetoxy-2-methyl-4//-pyrido[l,2-a] 

pyrimidine-7-carboxylate, hydrolysis, 

63 , 192 

5 - Acetoxy-l,3,4-oxadiazoles, synthesis, 69 , 42 
2-Acetoxy-2//-pyran, 62 , 61 

6- Acetoxypyran-3(6/7)-one, source of 3- 

oxidopyrylium salts, 65 , 355 
reaction with norbornadiene and 
norbornene, 65 , 355 

reaction with ethyl vinyl ether and styrene, 
65 , 356 

reaction with isoprene, 65 , 356 
dimerisation, 65 , 365 
2-Acetoxypyridazine, 62 , 15 
2-Acetoxypyridines, 62 , 10 
2-(l-Acetoxyvinyl)furan, reaction with 

dimethyl acetylene dicarboxylate, 63,341 
2-Acetoxyvinyl-a-D-lyxopyranosylketone, 
cyclisation with hydroxylamine, 68, 291 

1- Acetyl-4-acetamidoimidazole, 61 , 8 
8-Acetyl-3-(alditol-l-yl)-l,2,4-triazolo[4,3-a] 

pyrimidin-7-one, 70 , 259 

5- Acetyl-5-alkyl-l,3-dioxanes, 

conformational preferences of 5- 
substituents, 69, 238 
V-Acetylamino-2-mercaptoimidazole, 

reaction with phosphoryl chloride, 69, 
308 

4- (Acetylamino)oxanes, NMR spectra and 

conformations, 69, 225 

2- Acetyl-3-amino-l-phenylpyrazolidines, 

ring chain tautomerisation, 66, 36 

6- Acetyl-4-amino-5-phenyl-2- 

trichloromethylthieno[2,3-d] 
pyrimidine, 66, 205 


Acetyl anhydrocolchicine, X-ray diffraction, 
66, 287 

2- Acetyl-4-aryl-3-cyano-6-methylpyridine-2- 

thione, reaction with aldehydes, 68, 191 
C-Acetyl-N-(2- 

benzimidazoiyl)methanehydrazonoyl 
halides, reaction with phenylhydrazine, 
63 , 319 

3- Acetylbenzofuran-2(3//)-ones, 65 , 141 
2-Acetyl-l,2-benzoisothiazol-3-one, 66, 159 
2-Acetylbenzo[6]tellurophenes, 63 , 27 

2- Acetyl-3-benzyl-4,4,7-trimethyl-octohydro- 

1,3-benzoxacine, 69 , 358 

4- Acetyl-7-bromo-2-(5-bromo-2-thienyl)- 

4//-1,3,4-benzodiazine, 63 , 325 

5- 0-Acetyl-l-bromo-2-pentene, 

condensation with persilylated 
heterocyclic bases, 68, 73 

3- Acetyl-4-chloro-2-cyanomethylquinoline, 

in preparation of acronycine, 70 , 133 

1- Acetyl-l-chloro-2-glycosylethene, reaction 

with hydrazines, 68,267 
3-Acetyl-2-chlorotropone, reaction with 
methylhydrazine, 64 , 104 
3-Acetylchromone, reaction with 
diazomethane, 65 , 321 
base catalysed rearrangement, 65 , 353 

3- Acetylcoumarin, reaction with phenacyl 

bromide, 65, 318 

reaction with 2-diazopropane, 65 , 320 
reaction with diazoalkanes, 65 , 320 

5-Ace tyl-3-cyano-6-methylpyridin-2-one, 
reaction with dimethylformamide 
dimethylacetal, 68,190 

2- Acetyl-l- 

[cyano(nitro)methylene]perhydro[l,2-c] 
pyrimidine, hydrolysis, 70 , 44 
a-Acetyl-a-diazoacetamides, decomposition, 
65 , 120 

4- Acetyl-l,3-diazoazulenes, 64 , 105 

1- Acetyl-2,3-dihydroxyindolines, ring chain 

tautomerism, 64 , 286 
V-Acetyl enaminones, photolysis, 67 , 218 
Acetylenic bis-alcohols, oxidation, 69 , 26 
Acetylenic ketones, reaction with secondary 
amines, 67 , 217 

3- Acetylfurotropylium salts, reduction, 66, 

383 

2- A-Acetylguanine, preparation of 

acyclonucleoside analogs, 68, 60 
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o-Acetylhomoveratrylic acid, reaction with o- 
iodobenzamides, 67, 379 
3-(/V-Acetyl-iV-R-hydrazino)propanals, ring 
chain tautomerisation, 66, 37 
3-Acetyl-2-hydroxycyclohepta[fc]pyrrol-5- 
one, 64, 123 

1- Acetyl-2-hydroxy-4-ethyl-3,4,5,6- 

tetrahydropyrrolo[3,2,l-i',y']quinoline, 

65, 122 

3-Acetyl-2-hydroxy-2-methyl-2,3- 

dihydrobenzo-l,4-dioxan, ring chain 
tautomerism, 64, 281 

2- Acetyl-3-hydroxy-6-methylpyrone, 

synthesis, 69, 49 

17-/3-Acetyl-17-hydroxysteroids, oxidation, 
69, 14 

6-AcetyIimidazo[2,l-b]thiazoles, 69, 286 

3- Acetylindole, as precursor of 2,3'-biindole, 

67, 14 

3-Acetyl-2-methoxytropone, reaction with 
hydroxylamine, 64, 104 
reaction with benzamides and guanidines, 
64, 104 

reaction with o-phenylenediamine, 64, 

105 

3-Acetylmethyl-7-bromo-6-chlorothieno 
[3,2-d]pyrimidin-4-one, 66, 250 

2- Acetyl-6-methylchromone, reaction with 2- 

diazopropane, 65, 321 
5-Acetyl-6-methyl-2-phenylpyrimidine- 
4(3 H )-thione, reaction with phenacyl 
bromide, 66, 214 
10-Acetyl-l-methyl-10/7- 

[1.2.4] triazolo[3',4':3,4] 

[1.2.4] triazino[5,6-f»]indole, 61, 291 
V-Acetyl-D-neuraminyl-(2-2)-(s)-{[2-azido- 

l-(hydroxymethyl)ethoxyj- 
methyl}thymine, 68, 18 

3- Acetyl-4-oxo-6,7-dihydro-12/7-indolo 

[2,3-a]quinolizine, 68, 214 
1 - Ace tylperhy dropyrido [ 1,2-f>]pyridazines, 
reduction, 69, 100 

2-Acetylperhydropyrido[l,2-c]pyrimidine, 

'H NMR spectra and conformations, 
70,27 

C-Acetyl-/V-(3-phenyl-4-R-5- 

pyrazolyl)methanehydrazonoyl halides, 
cyclisation, 63, 301 
C-Acetyl-iV-5-pyrazolylhydrazonoyl 
chlorides, reaction with 2- 
aminopyridine, 63, 320 


2-Acetylpyridine, starting material for 
pyrido[l,2-d][l,2,4]triazines, 61, 213 
2-Acetylpyridine-3-carboxamide-/V-oxides, 
ring chain tautomerism, 64, 267 

2- Acetylpyrido[l,2-c]pyrimidine, 70, 70 

3- Acetyl-4//-pyrido[ 1,2-a] pyrimidin-4 -one, 

63, 152 

N -Acetyl pyrroles, from enaminones, 67,228 
3-Acetylthieno(2,3-d]pyrimidine-4(3//)- 
ones, 66, 206 

AMceO'WV'-tosylproflavine, in preparation 
of pyrrolo[2,3-c]acridines, 70, 140 
C-Acetyl-V-(5-triazolyl)hydrazonoyl 
chloride, 63, 305 

l-O-Acetyl-2,3,5-tri-O-benzoyl-a-D- 
ribofuranose, 70, 227 

3- Acetyltropolone, precursor for heterofused 

tropolones, 64,103 
reaction with hydrazines, 
thiosemicarbazides and 
semicarbazides, 64, 103 
with azides, 64, 104 
reaction with benzaldehyde, 64, 101 

4- Acetyltropolone tosylhydrazone, 

cyclisation to pyrrolotropolones, 64,102 
l-Acetyl-3-vinylindole, reaction with 
tetracyanoethylene, 63, 374 
L-Acosamine, 67, 251 
Acridinediones, synthesis via enaminones, 
67, 290 

Acrifoline, 70, 127 
Acrignine, 70, 127 
Acronycine, 70, 127 
oxidation 70, 133 
reaction with P 4 S 10i 70, 133 
Acroncycine epoxide, 70,127 
Acryloyl halides, reaction with 
thiocarbamates, 66,149 
Actisomide, as antiarrhythmic, 70, 3 
Acyclo-AZT, preparation, 68, 18 
Acyclobenzimidazole nucleoside analogues, 
conformations, 67, 392 
Acyclonucleosides, therapeutic activity, 67, 
392 

differentiation of anomeric forms by FAB 
tandem mass spectrometry, 67, 392 
as cytotoxic agents, 68,13 
as antiviral agents, 68, 14 
Acyclopseudoisocytidine, 69, 147 
Acyclopseudouridine, 69, 147 
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Acyclovir see 9-[(2- 

hydroxyethoxy)methyl]guanine 
1 -Acyl-5-acylhydrazino-2-pyrazolines, ring 
chain tautomerisation, 66, 39 

2-(Acylalkylthio)-imidazoles, 69, 281 
cyciisation to imidazo[2,l-b]thiazoles, 69, 
280 

1- [(Acylamidino)methylene]6,7-dialkoxy- 

1,2,3,4-tetrahydroisoquinolines, 
formation, 70, 42 

2- Acylamido-4//-pyrido[ 1,2-a]pyrimidin-4- 

one, formylation, 63, 203 

1- Acylamido-2,3,6,7-tetrahydro-4//- 

pyrimido[l,6-a]quinoline-2,4-diones, 
reaction with P 4 Si 0 . 70, 48 
fV-Acylaminoacids, conversion to azlactones, 

64, 9 

2- Acylamino-3-acylthiophenes, condensation 

with ammonia, 65, 239 
6-Acylamino-2-acylthiophenes, reaction with 
ammonium formate, 65, 255 
5-Acylamino-5-allyl-6-amino-4,5- 

dihydropyrimidin-4-ones, in synthesis of 
acyclonucleosides, 69,181 
2-Acylamino-3-aminothiazolium salts, 
cyciisation on heating, 69, 325 
2-Acylamino-3-benzoylthiophenes, 

reaction with potassium thiocyanate, 

65, 248 

/3-Acylaminocarbonyl derivatives, by 

hydrolysis of benzo-4//-3,l-oxazinium 
salts, 64, 349 

2- Acylamino-3-cyanothiophene, cyciisation 

to thienopyrimidines, 65, 244 
reaction with amines, 65, 244 

3- Acylamino-2-cyanothiophenes, precursor 

to thieno[3,2-d]pyrimidines, 66, 245 

1- Acylaminoimidazolones, 69, 277 

4- Acylaminoisothiazolone, ring expansion to 

2,3-dichloro-l ,3-thiazin-4-ones, 66, 

148 

0-Acylaminoketones, conversion to 
oxazonium salts, 64, 346 
N-Acyl-cis and rram-2-aminomethyl-l- 
cyclohexanol, V to O acyl migration, 

69, 398 

/V-Acylaminophosphonium salts, 64,179 
1 -Acylamino-4-substituted imidazol-2-ones, 
69, 276 

2- Acylamino-l,3-thiazine-4-ones, 66, 

177 


2-Acylaminothiophene-3-carboxylates, 
reaction with N-,N- 
dimethylphosphoramidate, 65, 244 
reaction with hydrazine, 65, 245 
/3-Acylaminovinyl ketones, by ring opening 
of 3-azapyrylium salts, 64, 353 
/V-Acylated 2-aminothiadiazoles, in 
preparation of 1,2,4-triazolo 
[5,l-b][l,3,4]thiadiazoles, 69, 334 
2-Acylanilines, reaction with 1,3- 
diiodobenzenes, 70, 92 
Af-Acylbenzoisothiazol-3-ones, reduction and 
cyciisation, 66,159 

2- AcyI-2,3-dihydro-l/7-pyrido 

[l,2-c]pyrimidin-4-ones, 70, 68 
V-Acyl-3-(3,4-dihydroxyphenyl)-L-alanines, 
conversion to 3,4-dihydrocoumarins, 

69, 51 

3- Acylhydrazino-2-aminopyridines, 

precursor to pyrido[2,3-e][l ,2,4]triazines, 
61,214 

V-Acylhydrazones of 1,3-dicarbonyls, 
tautomerism, 64, 295 
Acyliminophosphoranes, 64, 166 

4- Acylmethyl-3-azapyrylium salts, 

recyclisation to 4-acylaminopyrylium 
salts, 64, 357 

2-Acyl-V-methylpyrroles. from nitrones by 
67r-cyclisation, 65,117 

1- Acyloxymethyl-9,10-dimethoxy- 

1,2,4,6,7,11b- 

hexahydro[l,3]thiazino[4,3-o] 
isoquinolin-4-imines, 13 C NMR 
spectroscopy, 70, 20 

2- Acyloxyvinyl azides, reaction with triethyl 

phosphite, 64,191 

o-Acylphenylacetic acid, reaction with 
dicyclohexylcarbodiimide and 2- 
hydroxypyridine, 65, 346 
6-Acylsubstituted imidazo[2,l -bjthiazoles, 
UV data, 69, 300 

Acyltetrathiafulvalene, crossed aldol 
condensations, 62, 261 

3- Acylthienotropones, 64, 100 
V-Acyltyramines, oxidation to spiro- 

oxazines, 69, 58 
C-Adenine, see 7-amino-2-/3-D- 

ribofuranosylimidazo[4,5-rf]pyrimidine, 
Adenine, Pd(0) catalysed allylation, 66, 100, 
66,121 
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Adenosine deaminase, in synthesis of 
acyclovir, 69, 135 

AIR, see 5-amino-l-(/3-D-ribofuranosyl)- 
imidazole-5' -monophosphate 
Ajmalicinoid alkaloids, synthesis, 67 , 287 

l-A lanine, reaction with 1,4- 
naphthoquinone, 64, 57 
Aldaric acids, reaction with 1,2- 
diaminobenzene, 70 , 185 
Aldehyde /V-acyihydrazones, oxidative 
cyclisation, 69, 42 

Aldehyde-/V-(2-aminoethyl)hydrazones, ring 
chain tautomerisation, 66, 31 
Aldehyde 2-substituted thiosemicarbazones, 
ring chain tautomerisation, 66, 50 
Aldehyde thioacylhydrazones, ring chain 
tautomerisation, 66, 44 
Aldehyde thiobenzoylhydrazones, ring chain 
tautomerisation, 66, 44 
Aldehyde thiosemicarbazone, ring chain 
tautomerisation, 66, 51 

1- (AlditoI-l-yl)acenaptho[l,2-e]l,2,4- 

triazolo[3,4-c]l,2,4-triazines, 70 , 300 

2- (Alditol-l-yl)-5-alkylthio-l,3,4- 

thiadiazoles, preparation, 68, 337 

4-(Alditol-l-yl)-2-aminoimidazoles, 
synthesis, 68, 287 

4-(Alditol-l-yl)-2-(4-aminophenyl)-l,2,3- 
triazoles, action as azo dyes, 68, 323 

4- Alditolyl-2-aminopyrazole, preparation, 

68, 276 

5- (Alditol-lyl)-3-amino-l,2,4-triazines, 68, 

393 

6- (Alditol-lyl)-3-amino-l,2,4-triazines, 68, 

393 

4- (Alditol-l-yl)-2-aryl-5-carboxamido-l,2,3- 

triazoles, preparation from dehydro-L- 
ascorbic acid 2-arylhydrazone-3-oximes, 
68, 322 

2-( Alditol-1-yl)benzimidazoles, 70 , 184, 282 
in characterisation of sugars, 70 , 185 

2- (Alditol-l-yl)benzo[/]quinoxalines, 70,289 

3- (Alditol-l-yl)benzo|/]quinoxalines, 70,289 

2- (Alditol-l-yl)benzothiazolines, 

preparation. 70, 194 

7- (Alditol-l-yl)-l,3-dimethylpteridine-2,4- 

diones, 70, 274 

5- (Alditol-l-yl)-2,5-diphenyltetrazolium 

salts, 68, 340 

3- (Alditol-l-yl)-6,7-diphenyl-l,2,4- 

triazolo[4,3-b]l,2,4-triazines, 70 , 299 


2-(Alditol-l-yl)furan derivatives, 68, 354 

2- (Alditol-l-yl)furo[3,4-6]quinoxalin-9-one, 

70 , 287 

4-(Alditol-l-yl)-5-hydroxy-imidazolin-2- 
thiones, preparation. 68, 285 

4- ( Alditol-1 -y l)-2-hydroxy-2- 

mercaptoimidazoles, preparation, 68, 
285 

5- (Alditol-l-yl)-5-hydroxythiazolidines, 68, 

317 

3- (Alditol-l-ylidene)pyrroles, preparation, 

68, 257 

4- (Alditol-l-yl)imidazoles, synthesis, 68, 286 
4-(Alditol-l-yl)imidazolidine-2,5-dione, 

preparation, 68, 288 
4-(Alditol-l-yl)imidazolin-2-ones, 
preparation, 68, 285 

4- ( Alditol-1 -yl)imidazolin-2-thiones, 

preparation, 68, 285 

2- (Alditol-l-yl)-imidazo[4,5-d]pyrimidines, 

70, 252 

3- (Alditol-l-yl)isoxazoles, preparations, 68, 

295 

5- (Alditol-l-yl)isoxazolines, preparations, 

68, 297 

3- (Alditol-l-yI)-5-methylthio-l,2,4-triazoles, 

preparation, 68, 327 

4- (Alditol-l-yl)-3-nitropyrroles, preparation, 

68, 259 

5- (Alditol-l-yl)oxazolidin-2-one, synthesis, 

68, 302 

6- (Alditol-lyl)-5-oxo-3-thioxo-l,2,4- 

triazines, 68, 393 

4-(Alditol-l-yl)-2-phenyl-5-phenylazo-l ,2,3- 
triazoles, 68, 322 

6-(Alditol-l-yl)pteridines, 70 , 264 

6-(Alditol-l-yl)pteridones, 70 , 272 

3-(Alditol-1-yl)pyrazoles, preparation, 68, 
275,276 

3- (Alditol-l-yl)pyridazines, 68, 354 

4- (Alditol-l-yl)pyridazines, 68, 354 

4-(Alditol-l-yl)pyrimidines, 68, 377 

2- (Alditol-1-yl)pyrroles, 68, 254 
preparation, 68, 255 

3- (Alditol-l-yl)pyrroles, synthesis, 68, 259 
2-(AIditol-l-yI)quinoxaline, 70 , 184, 282 
2-(Alditol-l-yl)quinoxalin-3-ones, 70 , 283 

4- (Alditol-l-yl)-3-substituted-thiazoles, 68, 

316 

2-( Alditol-1 -yl)-l ,5,6,7-tetrahydroindol-4- 
ones, preparation, 70 , 171 
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4- (Alditol-1 -yl)tetrahydropyrimidines, 68, 

377 

2-(Alditol-l-yl)tetrahydro-l,3-thiazines, 68, 
389 

2- (Alditol-l-yl)thiazoles, 68, 315 

5- (Alditol-l-yl)thiazolin-2-ones, 68, 317 
(4(5)-Alditol-1 -yl)-l ,2,3-triazoles, 68, 320 
Aldonolactones, condensation with 1- 

hydrazinophthalazines, 70, 218 
Aldonoyldiazomethane acetates, 
cycloaddition reactions, 70, 180 
1 -Aldonoylsemicarbazides, dehydrative 
cyclisation, 68, 331 

Aldose {acenaptho[l ,2-e] 1 J2,4-triazin-3- 
yl}hydrazones, cyclisation, 70, 300 
Aldose phthalazin-l-ylhydrazones, 
cyclisation, 70, 217 

Aldose pyrimid-6-ylhydrazones, acetylation, 
70, 216 

Aliphatic aldehyde 4- 

methylthiosemicarbazones, ring chain 
tautomerisation, 66, 52 
Sterna Alkaloids, synthesis, 69, 30 
V-Alkanoylhydrazones of 

benzoylacetaldehyde, ring chain 
tautomerism, 64, 300 

V-Alkanoylhydrazones of formylpinacoline, 
ring chain tautomerism, 64, 301 
V-Alkanoylhydrazones of methyl 5,5- 

dimethyl-2,4-dioxohexanoate, ring chain 
tautomerism, 64, 302 

3- Alkenylindoles, Diels-Alder reactions, 63, 

362 

2- Alkenylpurines, 62, 345 

3- Alkenylpyridines, 65, 132 
3-Alkenylquinolines, 65,132 
S-Alkenyl-substituted diazoketones, 

intramolecular cyclisation, 65,181 
,V-(2-Alkenylthiophenyl)-C- 

azidohydrazones, thermal cyclisation to 
triazinobenzothiazines, 61, 274 
5-Alkenyl-1,2,4-triazoles, cyclisation, 69, 323 

1- Alkoxy-2-benzopyrylium-4-olates, 

cycloadditions to alkenes, 65, 207 
o- Alkoxybenzylidene chlorides, flash vacuum 
pyrolysis, 65, 140 

5-Alkoxycarbonyl imidazo[2,l-6]thiazoles, 
69, 285 

2- Alkoxycarbonyl-3-oxoazetidines, 65,105 
2-Alkoxycyclopent[6]pyridines, 64, 202 


2-Alkoxy-5,6-dihydro-l,3-thiazin-4-ones, 66, 
149 

9-Alkoxyguanines, preparation, 69, 162 

4-Alkoxy-5-halocyclohepta[6]thiophene, 
resistance to hydrolysis, 64, 89 
2-Alkoxy-2-hydroxymethyloxane, 

conformational equilibria, 69, 225 
ci?-2-Alkoxy-4-methyl-1,3-dioxane, 
conformations, 69, 233 
rra/jj-2-Alkoxy-4-methyl-l,3-dioxane, 
conformations, 69, 233 

1- (Alkoxymethyl)-5-fluorouracils, 69, 173 

2- Alkoxy-4-methyloxane, conformational 

equilibria, 69, 225 

2-Alkoxy-6-methyloxane, conformational 
equilibria, 69, 225 
2-Alkoxy-A 3 -l,3,4-oxadiazolines, by 

oxidation of ketone V-acylhydrazones, 
69,42 

2-Alkoxy-2//-pyrans, 62, 62 
tautomerism, 62, 81 

4-Alkoxy-4//-pyrans, equilibration with 2- 
alkoxy-2//-pyrans, 62, 81 
2-Alkoxy-4//-pyrido[l,2-a]pyrimidin-4-ones, 
63, 184 

2-Alkoxypyrrolines, from y-azidoesters, 64, 
187 

2-Alkoxyquinolines, 64, 204 
2-Alkoxy-2,4,5,5-tetramethyl-l,3-dioxanes, 
conformations, 69, 236 
Alkoxytropones, cleavage to tropolones, 
64,91 

Alkyl 2-acylaminothiophene-3-carboxylates, 
cyclisation, 66,198 

V-Alkyladenine, condensation with 2- 
deoxyribose, 68, 61 
V-Alkyl-a-alkoxycarbonyl-a- 

diazoacetamide. Rh(II) catalysed 
conversion to lactones, 65,104 
V-(2-Alkylaminoacyl)hydrazones, ring chain 
tautomerisation, 66, 31 
2-Alkylaminoaldoses, reaction with 
cyclohexane-l,3-diones, 70, 171 
3(5)-Alkylamino-4-aminopyrazoles, 67, 253 

2- Alkylamino-4//-3,l-benzoxazine, 64, 211 

3- (Alkylamino)crotonic esters, reaction with 

nitroethenes, 68, 258 
1-Alkylamino-l-deoxy-D-fructose, 

condensation with cyclohexane-1,3- 
diones, 70, 172 
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2-Alkylamino-2-deoxyaldoheptoses, 70, 181 

2-Alkylamino-2-deoxyaldohexoses, 70, 181 

1- Alkylamino-l-deoxy pentuloses, 69, 166 
(V-Alkylaminofumarates, oxidation to 

pyrroles, 67, 228 
9-Alkylaminoguanines, 68, 43 

2- Alkyl-4(5)-aminoimidazoles, reaction with 

diethyl ethoxymethylenemalonates, 

61,15 

2-Alkylamino-4//-pyrido[ 1,2-a]pyrimidin-4- 
ones, 63,186 
acylation, 63, 186 

2-AIkylaminopyrrolo[1,2-a]quinoxaline, 64, 
219 

Alkyl 3-aminothiophene-2-carboxylates, 
precursors to thieno[2,3-rf]pyrimidines, 
66, 236 

Alkyl 3-aminothiophene-4-carboxylates, 
reaction with amines to thieno[3,4-d] 
pyrimidines, 66, 255 
5-Alkylamino-l//-l,2,4-triazole, 64, 198 
2-Alkylamino-l//-l,2,4-triazolo[2,3-£>] 
indazole, 64,199 

2- Alkyl-6-aryl-imidazo[2,l-6] 

[l,3,4]thiadiazoles, mass spectra, 69,313 

5- Alkylated 3-mercapto-l,2,4-triazoles, ring 

closure, 69, 317 

V-Alkyl-V-benzoyltyramines, oxidation, 

69, 30 

Alkylbis(oxymethyl)phosphines, route to 
1,3,2,5-dioxasilaphosphorinanes, 61, 62 
l-Alkyl-j8-carbolines, reaction with dialkyl 
oxalates, 61,179 

3- Alkylcathin-5,6-diones, base hydrolysis, 

61, 180 

/V-Alkylcathin-5,6-diones, 61, 179 

4- Alkylcoumarins, 65, 298 
9-Alkyl-3-cyano-4-imino-4//-pyrido 

[l,2-a]pyrimidines, reaction with sodium 
azide, 63, 204 

1-Alkyl 4,5-diarylimidazoles, 
from a-diarylketones and 
(1 -triphenylphosphorary li- 
deneamino)benzotriazole, 64, 192 

6- Alkyl-3,4-diaryl-l-methyl-l,2,3,4- 

tetrahydro-r-tetrazines, 66, 34 
4-Alkyl-3,4-dihydrocoumarins, 65, 296, 65, 
299 

3-Alkyl-5,6-dihydro-l,3-thiazin-4-ones, 66, 
152 


6-Alkyl-5,6-dihydro-l,3-thiazin-4-ones, 66, 
152 

V-Alkyl-V-2,2- 

dimethylvinyliminophosphate, 64, 174 
cis-3Aa, 5,6-//-5-Alkyl-7-formyloxy-3- 
pheny lperhy dropyrido[l ,2-a] 
[l,3]thiazin-l-ones, 70 , 60 

4- Alkyl-3-halogeno-3,4-dihydrocoumarins, 

65, 298 

C-Alkyl-/V-(2-hydroxyalkyl)aldonitrones, 
ring chain tautomerisation, 66, 17 

3-Alkylidene-4-(alditol-l-yl)-3-arylthiazoles, 
68, 316 

Alkylideneazomethine ylides, 1,3-dipolar 
cycloaddition, 65,11 

Alkylidene carbenes, conversion to pyrrol-2- 
ones, 65,121 

Alkylidene hydrazides of cyanoacetic acid, 
ring chain tautomerisation, 66, 53 

1- Alkylidene-2-methylaminoguanidinium 

iodides, ring chain tautomerisation, 
66,30 

2- N-Alkyliminooctahydro-2//-3,l- 

benzoxazines, conformations, 69, 408 
2-A'-Alkyliminooctahydro-2//-3,l- 

benzthiazines, conformations, 69, 408 

2- Alkylimino-3-phenyl-l,3-benzothiazin-4- 

one, Dimroth rearrangement, 66, 184 
Alkyl 2-isocyanatothiophene-3-carboxylates, 
reaction with amines and cyclisation to 
thieno[2,3-d]pyrimidines, 66,197 

3- Alkyl-4-iminothieno[2,3-d]pyrimidine-2- 

thiones, 66, 210 

1- Alkylisatin, reaction product with 

thiobenzhydrazide ring chain 
tautomerisation, 66,45 
A'-Alkyl-/V-inethoxy-2-benzimidazolinones, 
preparation, 69, 36 

2- Alkyl-JV-methylpiperidin-3-ones, 65,127 
Alkyl nitriles, reaction with a-bromoesters 

and zinc dust, 67, 214 

3- Alkyl-4-oxo-benz[c]thiane, 65, 168 
iV-Alkyloxybenzimidazoles, 65,15 
l-Alkylperhydropyrido[l,2-c]pyrimidines, 

’H NMR spectra and conformations, 
70,25 

Alkyl 2-pyridylsulfoxides, reaction with 

phenyl Grignards to give 2,2'-bipyridyl, 
62,404 

5- Alkylpyrimidine-4(3//)-thione, 

bromination to thieno[2,3-d] 
pyrimidines, 66, 218 
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Alkyl a-(2-quinolyl)glycinate, conversion to 
imidazo[l,5-fl]quinoline, 64 , 57 
Alkylsubstituted 4W-pyrido[ 1,2-a]pyrimidin- 

4-ones, octanol-water partition 
coefficients, 63 , 107 
N-Alkylsubstituted-3-(3- 

trifluoromethylbenzoyl)propionamides, 
ring chain tautomerism, 64 , 264 

2- (N- Alkyl-1,2,3,4-tetrahydroisoquinolin- 

lyl)ethanols, from reductive ring 
opening of oxazinoisoquinolines, 70 , 32 
Alkyl 2,3,4,9-tetrahydro-6-oxo-6W- 

pyrido[l,2-a]pyrimidme-9-carboxylate, 
63 , 161 

Alkyl tetrathiafulavalenes, 62 , 276 
9-Alkyl-3-(lW-tetrazol-5-yl)-4W-pyrido 
[l,2-a]pyrimidin-4-ones, 63 , 203 

3- Alkylthiazolo[3,2-6]-i-triazole, 69 , 324 
3-Alkyl(or 3-aryI)-thieno[2,3-d]pyrimidin- 

2,4-diones, 66, 195 

(Alkylthio)alkylideneiminium salts, reaction 
with active methylene groups, 67 , 212 
2-Alkylthio-5-amino-4-phenyl-6-substituted- 
thieno[2,3-d]pyrimidines, 66,218 
2-Alkylthio-4-aminothieno[2,3-d] 
pyrimidines, 66, 211 

6-Alkylthio-l,5,2- 

azaphosphonioboratacyclohexa-3,6- 
diene, 61 , 123 

l'-Alkyl-2-thiopseudouridine, 68, 367 
2'-Alkyl-2-thiopseudouridine, 68, 367 
4'-Alkyl-2-thiopseudouridine, 68, 367 
5'-Alkyl-2-thiopseudouridine, 68, 367 
5,5'-Alkyl-2-thiopseudouridine, 68, 367 
2-Alkylthio-2H-pyrans, 62 , 27 
Alkylthio(seleno)tetrathiofulvalenes, 62 , 

266 

2-Alkylthio-l,3-thiazin-4-ones, 66, 135, 66, 
137 

2-Alkylthiothieno[3,2-d]pyrimidin-2-one, 66, 
252 

2-Alkylthiothieno[3,4-d]pyrimidine-4(3//)- 
one, 66, 195 

reaction with amines, 66, 269 
2-Alkyl-2,4,4-trimethyl-l,3-dioxanes, 
conformations, 69 , 233 
l-Alkyl-3,4,4-trimethyl-5-methylene-2- 
pyrazolines, reaction product with 
hydroxylamine ring chain 
tautomerisation, 66, 40 


1- Alkyl-2(and 3-)vinyipyrroles, addition to 

acrylonitriles, 63, 372 
N- Alkynyldiazoacetoacetamides, Rh( II) 
catalysed decomposition, 65, 117 
Alkynyliodonium salts in heterocyclic 
synthesis, 69, 5 

Alkynyl (p-phenylene)bis-iodonium 
ditriflates, reaction with phenoxides, 

69,16 

A-Alkynyl substituted 2-diazoacetamides, 
Rh(II) catalysed decomposition, 65,118 

5- Allenyl-1,2,4-triazoles, cyclisation, 69, 323 
Allonitidine, synthesis, 67, 352; 67, 365 

2- AUyl-3-aminocyclohexenones, formation 

of dihydrobenzofurans, 67, 220 

7- (A-Allylamino)-6,7-dihydro-1 H, 3 -H, 5 H- 

pyrido[3,2,l-iy][l,3]benzoxazine-3-one, 
A-methylation, 70 , 37 
2-Allylaminotropone, 64 , 100 
/V-AUylbenzoxazolethione, 66, 96 

2- AUyl-l-ethoxycarbonylpyrrole, in 

preparation of indol-4-yl C-nucleosides, 
70, 169 

8- Allylimidazo[l,5-n]-l,3,5-triazin-4(3tf)- 

ones, in synthesis of acyclonucleosides, 
69,181 

hydroxylation, 70 , 303 
A-AUylindole, 66, 91 

3- AUylindole, 66, 91 
2-Allylinosine, 62 , 345 

1- AUyl-3(2-nitrovinyl)indoles, cycloaddition, 

63, 349 

2- Allyl-3-oxo- L-gulonolact one 3,6- 

hemiketals, 66, 83 

6- Allyloxy-a-diazocarbonyl compounds, 

decomposition, 65 , 159 
(o-Allyloxy)phenyldiazomethanes, 
photolysis, 65 , 146 
2-Allyloxypyridine, Pt(0)-catalysed 

isomerisation to A-allyl-2-pyridone, 66, 
100 

2-AUyl-l-phenylsulfonylindole, in 
preparation of carbazol-4-yl C- 
nucleoside, 70 , 173 
A-Allyl-2-pyridone, 66, 100 

2- AUylquinoline, from methyl 2- 

quinolinesulfoxide and allyl Grignard 
reagent, 62, 403 

3- (2-AUyltetrahydrothiophen-2-yl)-2- 

methylinden-l-one, 65,164 
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3-Allylthieno[2,3-d]pyrimidin-4-one-2(lJf)- 
thione, 66, 196 

3-Allylthieno[3,2-d|pyrimidin-4(3//)-one- 
2(l//)-thiones, 66, 242 
V-Allyl-W-thiophenylenaminone, hetero- 
Cope rearrangement, 67 , 293 

3-Allyl-l-(triisopropylsilyl)pyrrole, in 

preparation of indol-7-yl C-nucleosides, 
70 , 170 

Alpinigenine, synthesis, 67 , 322 
Alpinine, synthesis, 67 , 322 
AMI study of tautomerism in 
aminoimidazoles, 61 , 51 
6-0-Amidocyclonocardicins, 65 , 108 
Amines, reaction with diones to give 
enaminones, 67 , 210 

Aminoacetonitrile, precursor of 4-amino-2- 
substituted imidazoles, 61,11 
o-Aminoacetophenone, oxidative cyclisation, 
69, 40 

in synthesis of ascididemin, 70,119 

5-Amino-6-acetylthieno[2,3-d]pyrimidine, 

65, 249 

L-Aminoacids, reaction with N- 

sulfonylaniline and V-methylmaleimide, 
64,47 

3- Aminoacridine, reaction with ethyl 2- 

methylacetoacetate, 70 , 140 

4- Aminoacridine, 70 , 106 

4-Aminoacridone, 70 , 106 

2-Amino-3-acylthiophenes, condensation 

with formamide, 65 , 239 
reaction with urethane, 65 , 243 
1,3-Aminoalcohols, from 1,3-oxazinium salts, 
64 , 346 

4-Amino-5-alkoxycarbonylimidazol-2-yl C- 
nucleosides, 70 , 250 

a-Aminoalkylidene-/3-alkoxy-a-lactams, 
rearrangement to enaminones, 67 , 217 
2-Amino-5-alkyl-1,3,4-oxadiazole, in 
synthesis of imidazo[2,l-6] 
[l,3,4]oxadiazoles, 69, 276 
alkylation, 69, 277 

2- (0-Aminoalkyl)-2-phenylindane-l,3- 

diones, ring chain tautomerism, 64 , 286 

3- Amino-4-(l-amino-2,2- 

diazinomethylene)thiophene, reaction 
with aldehydes, 65 , 261 

4- Amino-7-(/3-D-arabino-furanosyl)-5JJ- 

pyrrolo[3,2-d]pyrimidine, 70 , 220 


2-Amino-l-aryl-3-alkylpyrazole, synthesis, 
69 , 37 

6- Amino-5-(arylazo)-l,3-dimethyluracils, 

reaction with urea, 61, 243 
2-Amino-3-aryl-4-iminothieno[2,3-d] 
pyrimidines, 66, 208, 66, 221 

4- Amino-3-aryl-l,2,4-triazole-5-thiols, 

cyclocondensations with aldaric acids, 
70 , 197 

5- Amino-6-azido-l,3-dimethylxanthine, 

thermolysis to 3-aminoiso-fervenulin, 
61,244 

7- Amino-6-azido-l ,3-dimethylxanthine, 

thermolysis to 3-aminofervenulin, 61, 
256 

2-Aminobenzaldehyde, 70, 99 

9- Aminobenzo[a]acridines, in preparation of 

pyrido[4,3,2-k/]acridines, 70 , 123 

7-Aminobenzo[f»][l,10]phenanthrolines, 70 , 
104 

10- Aminobenzo[h][l,7]phenanthroline, 

preparation, 70 , 100 

2-Aminobenzophenone, condensation with 
diethyl 2,5-dioxo-l,4- 
cyclohexanedicarboxylate, 70, 96 

6- Aminobenzopyran-2-ones, reaction with 2- 

ethoxycarbonylcyclohexanone, 70 , 137 
2-Amino-l,3-benzothiazin-4-ones, 66,163 
from 2-mercaptobenzoic acid and 
carbodiimide, 66, 141 

1- Aminobenzotriazole, oxidation to 

bistriazolo derivatives, 69 , 62 

2- Aminobenzotriazole, conversion to 1,2'- 

bibenzotriazole, 67 , 44 
2-Aminobenzoylformic acid, reaction with 
cyclohexane-1,2-dione dioxime, 70 , 107 
W-(2-Aminobenzoyl)-W-methylhydrazones, 
tautomerism, 64, 256 
2-Amino-4-benzylamino-3-cyanopyridine, 
precursor to pyrido[l,2-a]pyrimidines, 
63 , 142 

5-(o-Aminobenzyl)-6-azauracil, cyclisation to 
[ 1,2,4]triazino[4,3-«Jquino]ines, 61 , 226 

5-Amino-l-(2-benzyloxyethoxymethyl)-4- 
methylcarbamoylimidazole, reaction 
with benzoyl isothiocyanate, 69 , 136 
2-Amino-6-benzyloxypurine, alkylation to 
acyclonucleosides, 68, 33,47 
2-Amino-3-benzyloxypyridine, reaction with 
1,1,3,3,-tetramethoxypropane, 63 , 125 
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2-(2-Aminobenzyl)pyridine, 69, 99 

2-Amino-5-bromo-3-cyanopyrazine, 
precursor to pteridines, 62, 322 
4-Amino-6-bromo-5-cyanopyrrolo[2,3-d] 
pyrimidines, alkylation to give 
acylonucleosides, 68,10 

4- Amino-2-bromoimidazole, 61, 19 

5- Amino-6-p-bromophenylimidazo[2,l-6] 

thiazole, 69, 295 

2- Amino-3-bromotropone, reaction with 

active methylene compounds, 64, 109 
conversion to thiazolotropones, 64, 125 
4-(4-Aminobutyl)-2,6-dimethylpyrimidine-5- 
carboxylate, formation, 70, 42 
4-Amino-5-carbamoylimidazol-2-yl C- 
nucleosides, 70, 250 

4- Amino-5(3)-carbamoyl-3(5)-/3-o- 

ribofuranosylpyrazole, 70, 234 

3- Amino-4-carboalkoxy-6-hydroxycoumarin, 

64, 51 

5- Amino-6-carboalkoxythieno[2,3-d] 

pyrimidine, 65, 239 

3- Amino-4-carbonitriles, precursor to 

thieno[3,4-d]pyrimidines, 66, 264 

1- Aminocarbonylmethylene-l,2,3,4- 

tetrahydroisoquinoline, formation, 
70,42 

4- Aminocarbonyl-3-methylthio-lH- 

pyrido[l,2-c]pyrimidin-l-one, 70, 45 

2- (l-Aminocarbonyl-2-piperidyl)acetic acid, 

formation from 

perhydropyridopyrimidines, 70, 41 

5- Amino-4-carboxamido-2-/3-D- 

ribofuranosylthiazole, nitrosation, 70, 
295 

5-Amino-6-carboxythieno[2,3-d]pyrimidines, 

65, 238 

o-Aminochalcones, oxidative cyclisation, 
69,40 

2-Amino-6-chloromethyl-3-cyano-5- 

ethoxycarbonyl-4(2-furyl)-47/-pyran, 

62, 115 

4-Amino-6-chloro-5-nitropyrimidine, in 
preparation of acyclonucleosides, 68, 74 
2-Amino-6-chloropurine, Pd(0) catalysed 
allylation, 66, 121 
in nucleoside synthesis, 67, 397 
in reconucleoside synthesis, 67, 414 
condensation to acylonucleosides, 68,10 
reaction with substituted cyclopropanes, 
68,30 


conversion to methoxyaminonucleosides, 

68,3 

alkylation, 69, 155 

alkylation with bromoalkenylbenzoate, 

69, 158 

4- Amino-2-chlorothieno[2,3-d]pyrimidines, 

66,221 

Aminocinnamates, reaction with sufuryl 
chloride, 65, 57 

5'-Aminocordyceptin, preparation of ring 
opened analogue, 68, 59 

3- Aminocrotonamide, reaction with 2,5- 

anhydro-D-allonic acid derivatives, 68, 
363 

2-Amino-2-cyanoacetamide hydrochloride, 
precursor to carboacyclic C-nucleosides, 
68, 41 

2-Amino-3-cyano-4,5-dihydrothiophenes, 
benzoylation and condensation with 
amines, 66, 207 

2-Amino-5-cyano-3-ethoxycarbonyl-4,6- 
diphenyl-4H-pyran, 62,115 

5- Amino-4-cyanoimidazole, in synthesis of 

imidazo[4,5-d]pyrimidin-5-yl C- 
nucleosides, 70, 252 

4- Amino-5-cyanoimidazol-2-yl C- 

nucleosides, 70, 250 

2-Amino-3-cyano-4-phenyl-6-(2-thiazolyl)- 
4H-pyran, 62, 37 

2- Amino-3-cyano-4H-pyrans, conversion to 

pyridines, 62, 72 

isomerisation to 3-cyano-3,4-dihydro-2/f ■ 
pyridines, 62, 82 
hydrolytic cleavage, 62, 87 
conversion to pyranocyanopyridines, 62, 
106 

3- Amino-4-cyanopyrazole, 

cyclocondensation with 
ribofuranosylthio-formimidates, 70, 

229 

4- Amino-3-cyanopyrazole, 70, 247 
4-Amino-3-cyanopyridine, in formation of 

pyrido[4,3-d]pyrimidin-3-yl C- 
nucleosides, 70, 261 
3-Amino-2-cyanopyrrol-4-yl acyclo C- 
nucleosides, 70, 223 

2-Amino-3-cyanothiophene, reaction with 
enaminones, 67, 292 
reaction with carbonyl sulfide, 65, 247 
reaction with fornamide, 65, 248 
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reaction with carbon disulfide, 65 , 248 
condensation with formamide, 65 , 240 

3-Amino-2-cyanothiophene, reaction with 
guanidine, 65 , 255 

2-Amino-3-cyanothiophene-4(5//)-one, 
reaction with phosphorous oxychloride, 
65, 248 

2- Amino-l-cyclohexacarboxamides, reaction 

with dicyclohexyl carbodiimide, 69 , 393 

3- Aminocyclohex-2-enones, reaction with 

diacylethylenes, 67, 238 

5- Amino-l-cyclohexylimidazole-4- 

carboxylate, as a model compound for 
C-AIR, 61, 27 

fra«,?-2-Amino-1-cyclopen tanecarboxamide, 
failure to cyclise, 69 , 398 
3'-Amino-3'-deoxy-2',3'-ieco-adenosine, in 
synthesis of seco-puromycin analogues, 
67, 406 

2-Amino-2-deoxyaldoheptoses, 

condensation with 1,3-dicarbonyl 
compounds, 68, 255; 70,181 
2-Amino-2-deoxyaldohexoses, 70,181 

1- Amino-l-deoxyaldoses, cyclocondensation 

with cyanamide, 68, 287 

2- Amino-2-deoxyaldose, precursor to 4- 

imidazolyl acyclo C-nucleosides, 68,285 
cyclocondensation with cyanamide, 68,287 
in preparation of 

polyhydroxyalkylpyrroles, 67, 422 
reaction with cyclohexane-1,3-diones, 70, 
171 

1-Amino-l-deoxy-D-arabino hexulose, 
reaction with cyanamide, 68, 69 

4- Amino-4-deoxy-D-erythronic acid, in 

preparation of acyclonucleosides, 68,74 

1- Amino-l-deoxy-D-fructose, 68, 382 
reaction with malondialdehyde, 68, 349 
reaction with 6-chloro-5-nitrouracil, 70,274 

6- Amino-6-deoxy-D-galactopyranose, 

reaction with thiophosgene, 68, 301 

2- Amino-2-deoxy-D-galactose, reaction with 

ammonia 68, 382 

1-Amino-l-deoxy-D-glucitol, 70, 253 

1- Amino-l-deoxy-D-g/uco-heptulose, 

synthesis, 67, 422 

2- Amino-2-deoxy-D-glucopyranose, reaction 

with isothiocyanates, 70, 180 
2-Amino-2-deoxy-L-glucopyranose, 70,188 
1-Amino-l-deoxy-D-glucose, reaction with 
ammonia 68, 382 


2-Amino-2-deoxy-D-glucose, reaction with 
ammonia 68, 382 

reaction with l-ethoxy-2-nitroethene, 68, 
255 

reaction with dimethyl 

acetylenedicarboxylate, 68, 255 
mechanism of formation of 2 -(d -arabino- 
tetritol-l-yl)-5-(2-deoxy-D-araf>mo- 
tetritol-lyl)pyrazine, 68, 383 
1-Amino-l-deoxyketohexoses, in synthesis of 

4-(alditol-l-yl)-3-nitropyrroles, 68, 259 
l-Amino-l-deoxy-2-ketoses, reaction with 
carbon disulfide, 68, 317 

1- Amino-l-deoxyketose, precursor to 4- 

imidazolyl acyclo, c-nucleosides, 68, 285 
reaction with cyanates, 68, 286 

2- Amino-2-deoxy-D-mannose, reaction with 

ammonia 68, 382 

1 - Amino-1 -deoxy-L -erythro -pen tulose, 
reaction with 2-amino-4-chloro-5- 
nitropyrimidin-4-one, 70, 266 
5'-Amino-5'-deoxytiazofurin, 68, 309 

4- Amino-3-dialkylaminopyridines, nitration 

to pyridoimidazoles, 65 , 12 
2-Amino-4,5-dialkylthiazoles, from a- 
tosyloxyketones and thioureas, 69 , 44 
2-Amino-4,6-diaryl-3-cyano-47f-pyrans, 
conversion to 2-alkoxypyridines, 62 , 72 
2-Amino-4,6-dichloropyrimidine, reaction 
with 4-amino-l-butanol, 69 , 153 
preparation of acyclonucleosides, 69 , 181 

5- Amino-4,6-dichloropyrimidine, in 

preparation of acyclonucleosides, 68, 
38,64 

preparation of acyclonucleosides, 69,177 
2-Amino-4,6-dichloro-5- 

(substituted)pyrimidine, in preparation 
of acyclonucleosides, 68, 72 
2-Amino-3,5-dicyano-4-isopropyl-4-methyl- 
4//-pyran, 62 , 115 
2-Amino-3,5-dicyano-4//-pyrans, 
isomerisation, 62 , 94 
conversion to 6-amino-5- 
cyanopyrimidines, 62 , 98 
4-Amino-2,3-dihydro-l,5-benzothiazepine, 
precursor to imidazo[2,l-d] 
[l,5]benzothiazepines, 63 , 78 
reaction with triethyl orthoacetate, 63 , 81 
4-Amino-4,5-dihydro-5-hydroxy-l,2,4- 

triazine, ring chain tautomerism, 64,307 
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1 - Amino-1,2-dihydroimida7o[4,5-6]quinoIin- 

2-one, 61, 226 

2- Aminodihydropyridines, 67, 274 
9-Amino-6,7-dihydro-47/-pyrido[ 1,2-a] 

pyrimidin-4-ones, 63, 226 

5- Amino-4,6-dihydropyrimidines, precursor 

to pyrimidotriazines, 61, 251 

6- Amino-1,4-dihydro-8//-pyrimido[6,l-c] 

[1.2.4] triazin-8-ones, 61, 241 
/V-Amino-2,3-dihydro-l,3-thiazin-4-ones, 66, 

159 

3- Amino-2,3-dihydrothiazole, reaction with 

formic acid, 69, 324 

2-Amino-7-{(2'S)-l',2'-dihydroxyethyl)-6- 
(methylthio)thieno[2',3':2,3]pyrazino 
[6,5-d]pyrimidine}, 70, 276 

2-Amino-6-(L-eryf/tro-l ',2'- 
dihydroxypropyl)-4- 
oxo(3//)pteridine,69,170, 70, 265 

2-Amino-(L-erythro-l' ,2' - 

dihydroxypropyl)pteridin-4,7-dione, 70, 
271 

2-Amino-6-(D-f/!reo-l',2'- 

dihydroxypropyl)pteridin-4-one, 70, 268 
2-Amino-6-(L-f/ireo-l ',2'- 

dihydroxypropyl)pteridin-4-one, 70, 268 
2-Amino-7-(L-eryf/iro-l' ,2' - 

dihydroxypropyl)pteridin-4-one, 70, 272 

2- Amino-9,10-dimethoxy-4-phenyl-6,7- 

dihydro-4//-pyrimido[6,l-a] 
isoquinolines, preparation, 70, 43 

3- Amino-5,5-dimethylcyclohexen-l-one, 

reaction with D-mannose, 70, 210 

5- Amino-2,2-dimethyl-7-methoxychromene, 

coupling with 2-bromobenzoic acid, 70, 
131 

6- Amino-1,3-dimethyl-5-nitrosouracil, 

precursor to pyrimido[4,5-e] 

[1.2.4] triazines, 61, 242 

reaction with aldehydes and hydrazines, 
61, 252 

4- Amino-1,5-dimethyl-2-phenylpyrazol- 

3(2// )-one, diazotisation and coupling 
with 3-chloro-2,4-pentanedione, 63, 291 

5- Amino-l,3-dimethylthieno[3,4-<f] 

pyrimidine-2,4-diones, 66, 266 
phosphodiesterase inhibition, 66, 273 
2-Amino-l,3-dioxane, conformational 
energies, 69, 236 

l-Amino-4,6-diphenylpyridine-2(l//)- 
thione, reaction with 


dimethylformamide dimethyl acetal, 

69, 117 

1- Amino-2,5-diphenyltriazole, in synthesis of 

aziridines, 69, 13 

4-Amino-l(and 2-)-disubstituted imidazoles, 
61,23 

4(5)-Amino-5(4)-ethoxycarbonylimidazole, 
reaction with 2-oxa-l,4-butanediol 
diacetate, 69, 137 

3- Amino-4-ethoxycarbonylpyrazole, 70 , 229 

4- Amino-4-ethoxycarbonyl-pyrrol-3-yl C- 

nucleoside, reaction with cyanogen 
bromide, 70 , 293 

3- Amino-2-formamido thiazolium mesitylene 

sulfonate, cyclisation, 69, 326 

2- Amino-3-formyl-4//-pyrido[l,2-n] 

pyrimidin-4-one, acylation, 63,184 

4- Aminofuranones, 67, 221 

3- Aminofurans, from Grignard reactions on 

enaminones, 67 , 219 
2-Aminofurotropones, 64 , 105 
2-Amino-6[2-(/3-D-glucouronopyranosyl)-D- 
glucopentitol-l-yl)]pteridin-4-one, 70 , 
271 

7-Amino-5'-o!-D-glucopyranosylpyrrolo 
[3,2-d]pyrimidine, isolation from 
Anabaena affinis, 68, 227 

4- Amino-7-(5'-0-a-D-glucopyranosyl-/3-D- 

ribofuranosyl)-5//-pyrrolo[3,2-d] 
pyrimidine, 70 , 220 
Aminoguanidine, reaction with 3- 
deoxyglucosulose, 68, 78 

2- Amino-6-halopyrazinecarboxylic esters, 

arylation, 62 , 363 

3- Amino-4,4a, 5,6,7,8-hexahydro-l//-3- 

iminoperhydropyrido[l,2-c]pyrimidin-l- 
ones, 70, 64 

2- Amino-3-hydrazinopyridine, precursor to 

3-methylthiopyrido[2,3-e] 

[l,2,4]triazines, 61, 214 

3- Amino-4-hydrazinopyridine, precursor 

to pyrido[3,4-e] 

[l,2,4]triazines, 61, 217 
3-Amino-2-hydrazino-4(3//)pyrimidinones, 
precursor to pyrido[l,2-b] 

[l,2,4]triazines, 61, 238 
3-Amino-6-hydrazino-l,2,4-triazin-5-one, in 
synthesis of l,2,4-triazolo[3,4-/]l,2,4- 
triazin-3-yl acyclo C-nucleosides, 70 , 301 
1 - Amino-8- (2-hy droxyalkyI)-4- 

oxoquinoline-3-carboxylates, cyclisation 
with diethyl azidocarboxylate, 69,115 
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2-Amino-3-(2'- 

hydroxybenzaldiminomethyl)-4- 
methoxy-6-methylpyridine, ring chain 
tautomerisation, 66, 22 

4- Amino-3-hydroxycyclohexa-l,5-diene-l- 

carboxylic acid, 64, 171 

5- Amino-l -(2 '-hydroxyethyl)-2- 

methylimidazole, 61, 24 

2- Amino-3-hydroxypyridine, reaction with 

1,1,3,3-tetramethoxypropane, 63, 125 

3- Amino-2-hydroxy-4//-pyrido[l,2-a] 

pyrimidin-4-ones, 63, 177 

2-Amino-3-hydroxytropolones, reaction with 
carboxylic anhydrides, 64, 109 

2-Aminoimidazole acyclo-C-nucleosides, 69, 
202 

5-Aminoimidazole-4-carboxamide, 
alkylations, 69,136 

4- Amino-5-imidazolecarboxylic acid, 

enzymatic decarboxylation, 61,10 
synthesis, 61, 10 

enzymatic decarboxylation, 61, 10 
synthesis, 61, 10 

2- Aminoimidazo[2,l-6][l,3,4]thiadiazoles, 

alkylation, 69, 310 

cycloaddition with diethyl succinate, 69, 
312 

3- Amino-2-imino-l,3-benzothiazin-4-one, 

66, 145 

3-Amino-2-imino-4-methylthiazole, reaction 
with iV-(dichloromethylene)-/V,iV- 
dimethylammonium chloride, 69, 324 

2- Amino-4-iminothieno[2,3-d]pyrimidines, 

66, 219 

3- Amino-4-iminothieno[2,3-d]pyrimidines, 

65, 241 

4- Amino-5-iodo-6-methyl-2- 

phenylpyrimidine, coupling to 
ethylacrylate, 62, 309 

5- Aminoisoquinoline, in preparation of 7- 

chlorobenzo[6][l,8]phenanthroline, 70, 
109 

a-Aminoketones, preparation from enol 
silanes. 69, 11 

j3-Aminoketones, dehydration to 
enaminones, 67, 215 

V-Amino-2-mercaptoimidazole, reaction 
with thiocyanates, 69, 309 

5-Amino-2-mercapto-l-methylimidazole, 
hydrolysis to 3-methyl-2-thiohydantoin, 
61, 32 


from 5-amino-2-methylamino-thiazole, 

61 , 28 

4- Amino-3-mercapto-6-methyl[l,2,4]triazin- 

5(4J7)-one, reaction with phenacyl 
bromide, 61 , 280 

5- Amino-3-mercaptotriazole, reaction with 

chloroacetone, 69, 320 
l-Amino-2-(o- 

methoxycarbonylphenyl)pyridinium 
salt, cyclisation, 69,113 

4- Amino-5(3)-methoxycarbonylpyrazol- 

3(5)-yl C-nucleoside, 70 , 234 
3-Amino-2-methoxycarbonylthiophene, 
reaction with dimethyl acetylene 
dicarboxylate, 67 , 293 
3-Amino-l-methoxy-10-methyl-9(10/7)- 
acridone, 70 , 102 

5- Amino-6-methoxy-4-methylquinoline, 

intramolecular cyclisation, 68, 200 
l-Amino-4-methylacridine, reaction with 
acetylacetone, 70,123 

1- Amino-4-methylacridin-9(10//)one, 

reaction with acetylacetone, 70 , 92 
3-Amino-4-methylacridin-9(10/7]one, 70 , 97 
5-Amino-2-methylaminothiazole, 

rearrangement to imidazoles, 61, 28 
3-Amino-3-methylbut-l-yne, 70 , 102 
cis and (rms-2-Aminomethyl-l- 

cycloheptanol, reaction with ethyl 4- 
chlorobenzimidate, 69, 374 
cu-2-Aminomethyl-l-cyclohexanol, ring 
closure with aromatic aldehydes, 69,355 
reaction with ethyl 4-chlorobenzimidate, 
69, 374 

condensation with p-nitrobenzaldehyde 
ring chain tautomerisation, 66,12 
fra/ts-2-Aminomethyl-l-cyclohexanol, ring 
closure with aromatic aldehydes, 69,355 
cis and frani-2-Aminomethyl-l- 
cyclohexanols, reaction with 
formaldehyde, 69, 354 
(ranx-2-Aminomethyl-l-cyclopentanol, 

conversion to l,3-oxazine-2-thiones, 69, 
364 

failure to cyclise with aldehydes, 69, 398 

2- Aminomethyl-l-cyclopentylamine, 

cyclocondensation reactions, 69, 396 

9-Aminomethylcne-6,7,8,9-tetrahydro-4//- 

pyrido[l,2-a]pyrimidin-4-ones, 
tautomerism, 63, 115 
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2-Amino-6-methylene-l ,3-thiazin-4-ones, 66, 
152 

2-Amino-4-(l-methylhydrazino)-6(l//)- 

pyrimidone, precursor to pyrimido 
[5,4-e][l,2,4]triazines, 61 , 254 
2-Amino-l-methylimidazoline, precursor to 
imidazolquinazolinones, 67 , 317 

5- Aminomethyl-6-methylimidazo[2,l-6] 

thiazole, 69 , 297 

2-Aminomethylpyrazine, in preparation of 
imidazo[l,2,-a]pyrazin-3-yl C- 
nucleosides, 70 , 280 

2-Aminomethylpyridine, in formation of 
imidazo[l,5-o]pyridin-3-yl C- 
nucleosides, 70 , 200 

2- Amino-4-methylpyridine-reaction with 1,3- 

acetonedicarboxylate 63,133 

3- Amino-2-methylpyridine, reaction with 

triethyl orthoformate, 68,198 

3-Amino-5-methyl-2-pyridinol, oxidation, 

61 , 144 

3- Amino-2-methylquinoline, reaction with 

triethyl orthoformate, 68,198 

4- Amino-2-methylthieno[2,3-d]pyrimidines, 

66, 204, 66, 205 

6- Amino-5(methylthio)-l,2,4-triazines, 

precursor to [l,3,5]triazino[2,l-/] 
[l,2,4]triazines, 61 , 278 
6-Aminomethyl-l,2,4-triazin-5-ones,reaction 
with 2,5-anhydro-D-allonic acids, 70 , 297 

5- Amino-6-methyluracil, reaction with 

nitrous acid, 68,197 
reaction with tert- 

butoxybis(dimethylamino)methane, 
68, 199 

2-Amino-l,8-naphthyridines, 67 , 306 

2- Amino-6-nitro-l,3-benzothiazin-4-ones, 

from isothiocyanates and ammonia, 66, 
145 

3- Amino-2-nitropyridine, oxidative 

cyclisation, 69, 43 

2-Amino-3-nitroso-4//-pyrido[l,2-n] 
pyrimidine, 63, 188 
2-Amino-3-nitroso-4//-pyrido[l,2-a] 
pyrimidin-4-ones, reduction, 63,177 
Aminonojirimycin, synthesis, 68, 149 
erythro-3-Amino-2-nonanol , in preparation 
of 1,3-dideaza analogs of EHNA, 68, 64 
condensation with ethyl-2-amino-2- 
cyanoacetate, 68, 64 


cw-2-Aminooctahydroquinazolinium cations, 
conformations, 69 , 407 
2-Amino-l,3,4-oxadiazoles, reaction with 
bromoketones, 69 , 277 
reaction with nitriles, 69 , 279 
2-Amino-l,3,4-oxadiazol-5-yl C-nucleoside, 
68, 331 

2-Amino-l,3-oxazoles, 64 , 190 
2-Amino-4-oxopyrazolo[l ,5-a] 1,3,5-triazin-3- 
yl C-nucleosides, 70 , 302 
2-Amino-4-oxo-4//-pyrido[ 1,2-a] 
pyrimidines, 63 , 130 

2-Aminophenol, imines with benzaldehydes 
ring chain tautomerisation, 66, 8 
preparation of 2-/3-D- 

ribofuranosylbenzoxazole, 70 , 190 

4- Amino-2-/V-phenylammoquinazoline, 64 , 

213 

2-Aminophenyl-r-anilines, reaction with 
sulfonyl chloride, 65 , 15 
2-Aminophenylcarbinols, conversion to 
benzo-4//-3,l-oxazonium salts, 64 , 349 
o-Aminophenyldialkylamines, cyclisation, 
65 , 32 

2-Amino-4-phenyl-9,10-dimethoxy-6,7- 
dihydro-4//-pyrimido[6,l-a] 
isoquinoline, 70 , 62 

2-Amino-5-phenyloxazole, in synthesis of 
imidazo[2,l-b]oxazoles, 69, 273 
W-(2-Aminophenyl)piperidine benzaldehyde 
imine, reaction with chlorosulfonyl 
isocyanate, 65, 32 

2- Amino-l-phenyl-1,3-propanediol, imines 

with aromatic aldehydes ring chain 
tautomerisation, 66,13 

3- Amino-4-phenyl-4-[2-(V,V-di-n- 

propylamino)ethyl-4,4a, 5,6,7,8- 
hexahydro-l/J-pyrido[l,2-c]pyrimidin- 
1-one, reaction with acetic anhydride, 
70 , 49 

12-Amino-2-phenylpyrano[2,3-a]acridin-4- 
one, inhibitor of cell proliferation, 70, 
125 

3-Amino-6-phenylthieno[2,3-d]pyrimidin-4- 
one-2(l//)-thione, 66, 198 

5- Amino-2-phenylthieno[3,4-d]pyrimidin-4- 

thiones, 66, 266 
3-Amino-2-piperidone, 64 , 29 
3-(l-Amino-2-piperidyl)propionaldehyde 
dimethyl acetal, cyclisation, 69 , 114 
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3-(/V-Amino-2-piperidyl)propionic acid, 
preparation and cyclisation, 69, 

114 

3-Amino-l,2-propanediol, imines with 
aromatic aldehydes ring chain 
tautomerisation, 66, 13 

3- Aminopropanethiol, reaction with 

aldopentoses, 68, 389 
jV-(3-Aminopropyl)-/V-methylhydrazones, 
ring chain tautomerisation, 66, 32 

1- (3-Aminopropyl)pyrroline, ring chain 

tautomerisation, 66, 42 

5- Amino-6-«o-propyltropolone, oxidative 

dimerisation, 64 , 117 

2- Aminopurines, synthesis, 69,163 

2-Amino-2W-pyrans, formation and ring 

opening, 62, 59 

Amino-477-pyrans, 4-enantiomeric 
substituted, 62 , 36 
2-Amino-4W-pyrans, 62 , 23 
reactions, 62 , 66 
attempted aromatisation, 62 , 70 
N-substitution, 62 , 100 
heterocyclic reactions, 62 , 103 
2-(6)-Amino-4/f-pyrans, 62 , 29 , 62 , 33 

6- Amino-2W-pyrans, 62 , 24 

4- Amino-4W-pyran-3-thioamides, cleavage, 

62 , 88 

2- Amino-5//-pyrazino[5,6-e]pyrido[l,2-a] 

pyrimidin-5-one, 63, 250 

3- Aminopyrazol-4-yl C-nucleoside, reaction 

with triethyl orthoformate, 70 , 301 

3-Aminopyridazine, reaction with hippuric 
acid, 64 , 54 

2-Aminopyridine, reaction with 2,6- 

diphenylpyrylium perchlorate, 63 , 125 
reaction with ethyl cyanoacetate, 63 , 127 
reaction with allenic nitriles, 63 , 128 
reaction with ethyl acetoacetate, 63 , 133 
reaction with V-,V-disubstituted 
malonanates, 63 , 130 
reaction with /3-oxoesters, 63 , 130 
reaction with dimethyl diacetoxyfumarate, 
63 , 156 

reaction with oxazolinones to give 
pyrido[l,2-«]pyrimidine, 64 , 52 
2-Aminopyridinium perchlorate, reaction 
with haloacetylacetones, 63 , 124 
reaction with ethyl acetoacetate, 63 , 

125 


3(and 5-)-Amino-2-pyridinol, oxidation to 
hydroxyazabenzoquinone, 61, 143 
Aminopyrido[2,3-c]acridine, 70, 103 
6-Aminopyrido[l,2-fl]pyrimidine, 63, 138 

2- Amino-4//-pyrido[l,2-a]pyrimidin-4-ones, 

spectra, 63,112 

3- Amino-4//-pyrido[l ,2-a]pyrimidin-4-ones, 

63,177 

4- Amino-2//-pyrido[l,2-tf]pyrimidin-2-ones, 

63, 128, 63,130 
spectra, 63, 112 

2- Amino-l,3-pyridothiazine-4-ones, 66, 162 

3- Aminopyrido[4,3-e][ 1,2,4]triazine, 

photolysis, 61, 219 

5- Aminopyrimidino[5,4-e][l,2,4]triazine, by 

amination of 5-methoxy analogue, 61, 
252 

2- Amino-4/f-pyrimido[6,l-a]isoquinolin-4- 

ones, 70 , 73 

4- Aminopyrones, by displacement of 

alkylthio groups, 65, 309 

3- Aminopyrrole-2,5-dione, 64, 6 
9-Aminopyrrolo[2,3-c]acridine, 70 , 140 

4- Aminopyrrolo[2,l-/]l,2,4-triazin-7-yl C 

nucleoside, 70 , 296 

5- Aminoquinoline, 70 , 100 

6- Aminoquinolines, reaction with potassium 

2,4-dichlorobenzoate, 70, 92 

7- Aminoquinoline, reaction with potassium 

2,4-dichlorobenzoate, 70 , 90 

8- Aminoquinolines, in synthesis of 

pyrido[3,2-c]acridines, 70 , 104 

4- Amino-7-/3-D-ribofuranosylfuro[3,2-d] 

pyrimidine, isolation and structure, 70 , 
224 

5- Amino-l-(/3-D-ribofuranosyl)-imidazole- 

5'-monophosphate, as intermediate in de 
novo biosynthesis of purine nucleotides, 

61,2 

as biosynthetic precursor of thiamine, 61,2 
biosynthesis, 61, 42 
X-ray crystallography of derivatives, 
61,48 

5-Amino-l-(/3-ribofuranosyl)imidazole-tris- 
acetyl derivative, rearrangement, 

61, 42 

7-Amino-2-/3-D-ribofuranosylimidazo 
[4,5-d]pyrimidine, 70 , 249 
7-Amino-3-(/3-D-ribofuranosyl)pyrazolo 
[43-b]pyrimidine, 68, 226 
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7-Amino-3(-j8-D-ribofuranosyl)pyrazolo 
[4,3-djpyrimidine, 70,230 
biological activities, 70, 239 
methylation, 70, 240 
reaction with dimethylformamide 
dimethylacetal, 70, 240 
7-Amino-3-/3-D-ribofuranosylpyrazolo 
[4,3-d]pyrimidin-5-one, 70, 239 
7-Amino-3-/3-D-ribofuranosylpyrrolo 
[3,2-d]pyrimidine, isolation from 
Anabaena affinis, 68, 227 
4-Amino-7-/3- r>ribofuranosylthieno 
[3,4-d]pyrimidine, 66,172 
cytotoxicity, 66, 273 

3-Amino-5-(/3-D-ribofuranosyl)-l,2,4- 
triazole, 68, 324 

2- Aminoselenazoles, synthesis, 69, 44 

3- Amino-4-substituted-l,3,4,6,7,llf>- 

hexahydro-2//-pyrimido[6,l-a] 
isoquinolin-2-ones, l3 C NMR spectra 
and conformations, 70, 30 

4- Amino-1 -substituted imidazoles, 

acetylation, 61,19 
reaction with formates, 61,19 
reaction with anhydrides, 61,19 
reaction with acylhalides, 61,19 
reaction with dimethyl acetylene 
dicarboxylates, 61, 21 
reaction with imidates, 61, 22 
reaction with sulfur monochloride, 61, 22 

4-Amino-2-substituted imidazoles. 61,11 
4-Amino-2-substituted methyl 5,6- 

dihydrothieno[2,3-d]pyrimidines, 66,204 
4-Amino-2-substituted thieno[2,3-d] 
pyrimidines, 66, 205 

3-Amino-3-tetrahydrofuranecarboxylic acid, 
64, 14 

9-Amino-6,7,8,9-tetrahydro-4-oxo-4//- 
pyrido[ 1,2-a]pyrimidines,-62, 225 
oxidation, 63, 181 

2-Amino-3,4,5,6-tetrahydropyridine, reaction 
with /3-oxoesters, 63, 132, 63, 136 
reaction with diethyl [4-(2- 

cyanophenyl)phenyl]methylmalonate, 
63, 137 

reaction with 2-alkoxymethylenemalonate, 
63, 141 

9-Aminotetrahydro-4/7-pyrido[l,2-fl] 

pyrimidin-4-ones, tautomerism, 63, 113 
2-Amino-6-([)-eryr/iro-tetritol-1 -yl)pteridin- 
4-one, 70, 268 


2-Amino-6-(L-eryrliro-tctritol-l-yl)pteridin- 
4-one, 70, 268 

2-Amino-6-(D-n7>o-tetritol-l-yl)pteridin-4- 
one, 70,271 

2-Amino-6-(D-(/irco-tetritol-l-yl)pteridin-4- 
one, 70, 270 

2-Amino-6-(r-(/irco-tetritol-l-yl)ptcridin-4- 
one, 70, 270 

7-AminotheophyIline, oxidation, 61, 243 
2-Aminothiadiazoles, oxidative reaction with 
acetophenones, 69, 47 
amination, 69, 334 
reaction with nitriles, 69, 335 
2-Amino-l,3,4-thiadiazoles, reaction with 
phenacyl bromides, 69, 302 
reaction with acetophenones and 
halogenating agents, 69, 305 
reaction with bromoacetaldehyde, 69, 306 
4-Amino-l,3-thiazines, conversion to 
pyrroles, 65, 56 

2-Amino-l,3-thiazin-4-ones, from thiourea 
and acetylenic esters, 66, 137 
2-Aminothiazoles, reaction with a- 
haloketones, 69, 284 

reaction with a-halo-/3-ketoesters, 69, 285 
reaction with 2,3-dichloro-1,4- 
naphthoquinone, 69, 287 
reaction with chloranil, 69, 287 
reaction with prop-2-ynyl bromide, 69,288 
reaction with 2,2-diethoxy-l- 
methylpyrrolidine, 69, 289 
4-Amino-l,3-thiazolium salts, loss of sulfur, 
65,73 

2- Aminothiazolo[3,2-f>][l,2,4]triazoles, 69, 

320 

acylation, 69, 329 

4-Aminothienopyrimidines, Vilsmeier- 
Haack formylations, 66, 223 

3- Aminothieno[2,3-d]pyrimidines, 66, 203 

4- Aminothieno[2,3-d]pyrimidines, 65, 240, 

66,206 

4- Aminothieno[3,2-d]pyrimidines, 65, 255, 

66,244 

5- Aminothieno[2,3-d]pyrimidines, 66, 212, 

66, 217 

acylation, 66, 223 

5-Aminothieno[3,4-rf]pyrimidine-2,4( 1 H, 
3//)diones, 65, 264 

2-Aminothienopyrimidin-4(37/)-ones, 65, 
242 
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2- Aminothieno[2,3-d]pyrimidin-4-ones, 66, 

199 

3- Aminothieno[2,3-d]pyrimidin-4-ones, 

analgesic activity, 66, 232 

4- Aminothieno[2,3-d]pyrimidin-2-one, N- 

alkylation with 1,2,3,5-tetra-O-acetyl-jS- 
D-ribofuranose, 66, 223 

2-Aminothieno[3,4-d]pyrimidine-4(3//)- 
ones, 66, 269 

4-Aminothieno[2,3-d]pyrimidine-2(l//)- 
thiones, 66, 210 

2-[l-Amino(thio)carbonyl)-2- 

piperidyl]acetates, cyclisation, 70 , 63 
Aminothiophenes, reaction with 3,3- 

bismethylthio-2-(cyano)acrylonitrileand 
methyl 3,3-bismethylthio-2- 
(cyano)acrylate, 66, 200 

2- Aminothiophene-3-carbonitriles, reaction 

with formamides and ureas, 66,204 

3- Aminothiophene-2-carbonitriles, precursor 

to thieno[3,2-d]pyrimidines, 66, 244 

2- Aminothiophene-3-carboxamides, 

precursor to thieno[2,3-d]pyrimidines, 

66 , 200 , 66 , 202 

reaction with trichloroacetonitrile, 65, 242 
reaction with thiourea, 65, 247 

3- Aminothiophene-2-carboxamides, 

precursor to thieno[3,2-d]pyrimidines, 
66,243 

3-Aminothiophene-4-carboxamides, 
condensation with 3-chloroethyl 
chloroformate, 66, 262 
2-Aminothiophene-3-carboxyhydrazide, 
reaction with formic acid, 65 , 245 

2- Aminothiophene-3-carboxylates, reaction 

with iV-cyanoamides, 65, 242 
precursors to thieno[2,3-d]pyrimidines, 

66, 195 

reaction with formamide, 65, 244 
reaction with cyclic ketones, 65, 245 
reaction with potassium cyanate, 65, 246 
reaction with ammonium thiocyanate, 65, 
247 

3- Aminothiophene-2-carboxylate, reaction 

with formamide, 65, 256 
3-Aminothiophene-2-thiocarboxamide, 
reaction with orthoesters, 65, 257 
2-Amino-4-thioxo-4,5-dihydro-l//- 

benzo[b][l ,4]-diazepin-3-carboxylic acid 
ethyl ester, 70 , 305 

in synthesis of acyclonucleosides, 69 , 195 


2- Amino-4-thioxo-4,5-dihydrobenzo[b] 1,4- 

oxazepine-3-carboxylic acid ester, 70 , 
305 

6- Amino-3-( p-tolyl) [ 1,2,4] triazin- 

5(2i/)thione, reaction with 277-1,3- 
oxazine-2,6(3 77 )dione, 61, 284 
9-Amino-3-tosylpyrrolo[2,3-c]acridine, 70 , 
140 

1- Amino-l,2-4-triazole, reaction with 

dimethylformamide azine, 67, 42 

3- Amino-1,2,4-triazole, reaction with N,N'- 

diformylhydrazine, 67, 42 

4- Amino-12,4-triazole, reaction with 

dimethylformamide azine, 67, 43 

4-Amino-2-trichloromethylthieno[2,3-d] 
pyrimidines, 66, 205 

2- Amino-3,4,5-tricyano-6-picoline, reaction 

with sulfur in presence of base, 68,186 
reaction with methylidenemalononitrile, 
68, 189 

2- Amino-7-( D-erythro -1',2',3'- 

trihydroxypropyl)pteridin-4-one, 70 , 272 
l-Amino-2-[(2,3,4-trimethylphenyl)amino]- 
6,7-dihydro-4T7-pyrimido[6,l-a] 
isoquinolin-4-ones, 70 , 50 
/V-Aminotriphenyliminophosphoranes, 
reaction with aldehydes and ketones, 
64 , 178 

3- Aminotropoiones, from oxazoiotropones, 

66,368 

4- (and 5)-Aminotropolone, conversion to 

pyridotropolones, 64,127 

5- Amino-4-unsubstituted imidazoles, 61, 24 
diazotisation, 61, 31 

carboxylation, 61, 33 
reaction with isocyanates and 
isothiocyanates, 61, 34 
reaction with diketene, 61, 34 
reaction with dialkyl acetylene 
dicarboxylates, 61, 36 
reaction with diethyl azodicarboxylate, 
61,36 

reaction with 

ethoxymethylenemalononitrile, 61, 36 
C vs JV-reactions in addition-eliminations, 
61,36 

calculations by AMI, 61, 53 

7- Amino-2-(2'-deoxy-/3-i> 

xylofuranosyl)imidazo[4,5-d] 
pyrimidine, 70 , 251 
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Ammonia, reaction with diones to give 
enaminones, 67, 210 
Ammonium 1,3,2,5- 

dioxaborataphosphorinanes, from 
borylation of hydroxyallylphosphines 
and tertiary amines, 61, 87 
tautomerism, 61, 99 
reactions, 61, 103 

reactions with electrophiles, 61, 105 
ion exchange, 61, 114 
thermal decomposition, 61, 119 
Amphimedine, 70 , 108 
Anapterin, see 2-amino-7-(i>-erythro-\ ',2',3'- 
trihydroxypropyl)pteridin-4-one 
Angustycin A analogues, 69, 145 

2.5- Anhydroallonamidine, reaction with 

ethyl acetoacetate, 68, 364 

2.5- Anhydro-D-allonic acid, 70 , 217 
reaction with 1,2-diaminobenzene, 70 , 183 

2,5-Anhydro-D-allonic acid amide, reaction 
with chlorocarbonylsulfenyl chloride, 
68, 338 

2.5- Anhydro-D-allonic acid imidates, in 

synthesis of imidazo[l,5-a]pyridin-3-yl 
C-nucleosides, 70 , 200 

2.5- Anhydro-D-allonodithioate, reaction with 

2-hydrazinopyrimidine, 70 , 257 

2.5- Anhydro-D-allononitrile, precursor of 

showdomycin, 68, 238 

2.5- Anhydro-D-allononitrile iV-sulfide, 1,3- 

dipolar cycloaddition reactions, 68, 305 
reaction with ethyl cyanoformate, 68, 334 

2.5- Anhydro-D-allonoyinitromethane, 

reaction with ethyl chlorooxacetate, 68, 
290 

l-(2,5-Anhydro-D-al!onoyloxy)pyridine-2- 
thione, photoirradiation, 68, 342 
l-(2,5-Anhydro-allonoyl)thiosemicarbazide 
derivatives, 68, 335 

2.5- Anhydro-D-allonyldiazomethanes, 

reaction with benzyne, 70 , 179 
Anhydrocannabisativene, 70 , 74 
4,3' -Anhydro-2' -deoxypse udouridine, 68, 
370 

2,5'-Anhydroformycin, 70 , 245 
4,5'-Anhydroformycin, 70 , 245 

2.5- Anhydrohexoaldonic acids, reaction with 

glycosylthioformimidates, 70 , 203 
photolysis, 70 , 204 
Anhydro-3-hydroxy-7-methyl-2- 
phenylimidazo[2,l-f>]thiazolium 


hydroxide, reaction with 
dibenzoylacetylene, 69, 295 

2.3- Anhydro-D-mannose, reaction with 

dopamine hydrochloride, 70, 210 
4,5'-Anhydro-l-methylpseudouridine, 68, 
370 

4,2'-Anhydropseudoisocytidine, 68, 370 
4,5'-Anhydropseudouridine, 68, 369, 370 
methylation, 68, 360 
4,2'-Anhydropseudouridine, 68, 370 

2.3- Anhydropyranoside 4-triflate, 

rearrangement to cyclic sulfate, 68, 114 
Anhydrosepedonin, mass spectra, 66, 307 
isomers, 66, 310 
catalytic hydrogenation, 66, 337 
basicity, 66, 331 

dimethyl ethers, amidation by liquid 
ammonia, 66, 345 

2,5-Anhydro-l-ureido-D-allirols, 70, 235 
Anilines, Pd catalysed reaction with methyl 
vinyl ketone, 67, 214 

7-Anilinobenzo[f>][] ,8]phenanthroline, 70, 
109 

/3-Anilinocrotonates, use in quinolone 
synthesis, 67, 281 

3- Anilino-l,4-dihydro-l,4-isoquinolinediene, 

reaction with thiosemicarbazide, 61,232 

2-Anilinothieno[2,3-d]pyrimidines, 66, 210 
2-Anilinothiophene-3-carboxylates, reaction 
with methylisocyanates, 65, 246 

4- Anisyl-2-chloropyrimidine, from anisylzinc 

bromide and 2,4-dichloro-pyrimidine, 
62, 377 

/3-Anisyltelluro-D-ribofuranoside, in 
synthesis of showdomycin, 68, 241 
[e]-Annellated 1,3,4-thiadiazines, ring 
contraction, 65, 67 
Annotinine, synthesis, 67, 288 
Annuloline, see 2-(2'-(3",4"- 
dimethoxyphenyl)-5-(4'- 
methoxyphenyl)-oxazole, 64, 188 
Antarafacial[l,6] //-shifts, 65, 4 
Anthranilic acid, in nucleoside synthesis, 

67, 431 

Antipyrine, fluorination, 62, 6 
Aphyllocladin, 67, 10 

2- /3-D-Arabinofuranosyl-4- 

carboxamidothiazole, 68, 309 

3- (a-D-Arabinofuranosyl)indoles, 70, 168 
2-(/3-D-Arabinofuranosyl)maleimide, 

synthesis, 68, 246 
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2-(a-D-ArabinofuranosyI)pyrroles, synthesis, 
68, 247 

(1R) and (lS)-l-(a-D-Arabinofuranosyl)- 
1,2,3,4-tetrahydro-/3-carboline, 
preparation, 70, 174 

2-(a-D-Arabinofuranosyl)-4,5,6,7- 

tetrahydroindol-4-one, preparation, 70, 
167 

2- /3-D-Arabinofuranosylthiazolidine, 68, 307 
C-/3-D-Arabinofuranosylthioformimidates, in 

synthesis of 2-imidazolyl C-nucleosides, 
68, 277 

3- (a-D-Arabinofuranosyl)-l,2,4-triazolo 

[4,3-a]pyrazin-8-one, 70, 281 

1- (a-D-Arabino furanosyi)uraciI, use in 

preparation of nucleosides, 67, 407 

2- (a-D-Arabinopyranosyl)pyrroles, 

synthesis, 68, 247 

/3-D-Arabino ribofuranosylimidazo[4,5-d] 
pyrimidine, 70, 249 

D-(and L)-Arabinose, in preparation of 
acyclonucleosides, 68, 74 
L-Arabinose, use in synthesis of nucleosides, 
67, 411 

D-Arabinose thiosemicarbazone, ring chain 
tautomerisation, 66, 20 
1,2-di- ( d-A rabino-tetritol-l -yl)pyridin-4-one 
C-nucleoside, 68, 349 
Aranorosin, synthesis, 69, 23 
Arenecarbaldehyde 4- 

methylthiosemicarbazones, ring chain 
tautomerisation, 66, 52 

4- Arenesulfonyl-5-phenylpyrazole, 63, 312 
Aristeromycin, 66, 120 
Aroylacetaldehyde JV-aroylhydrazones, ring 

chain tautomerism, 64, 299 
Aroylacetaldehyde thiobenzoylhydrazones, 
ring chain tautomerisation, 66, 46 
Aroylacetone iV-benzoylhydrazone, ring 
chain tautomerism, 64, 297 
iV-Aroylalcohols, N-O migration, 64, 308 
Aroylaminoimidazole-4-carboxylates, 64,209 
2-Aroylaziridines, ring expansion, 69, 65 
iV-Aroylchloroformamidines, dechlorination 
to benzo-1,3-thiazin-4-ones, 66, 146 
2-Aroylcoumaran-3-ones, synthesis, 69, 20 
/V-Aroylhydrazones of acetylpinacoline, ring 
chain tautomerism, 64, 301 
Aroylhydrazones of /3-ketoesters, 
tautomerism, 64, 296 


V-Aroylhydrazones of pentane 2,4-diones, 
ring chain tautomerism, 64, 297 

8- Aroyl-7-hydroxy-benzopyran-2-ones, 70, 

124 

VAroylmethyl-W-(2-hydroxyethy)-V,V- 
dimethylammonium salts, ring chain 
tautomerism, 64, 270 
a-Aroyloxyacetophenones, cyclisation to 
benzofurans, 69, 19 

3-(o-Aroylphenyl)pentan-3-ol, 
thiosemicarbazones ring chain 
tautomerisation 66, 20 
2-(o-Aroylphenyl)propan-2-ol, 2,4- 

dinitrophenylhydrazones, ring chain 
tautomerisation, 66,19 

2- (o-Aroylphenyl)propan-2-ol, 

thiosemicarbazones, ring chain 
tautomerisation, 66, 20 

5-Aroyl-2-pyrazolines, 63, 310 
1-Aroylpyrrole, as precursor of 2,2'- 
bipyrrole, 67, 5 

9- Arylalkylthio-4-oxo-4//-pyrido[l ,2-a] 

pyrimidine-3-carboxyIate,-oxidation, 63, 
181 

3- Arylamino-2-benzofuroyl-4(3//)- 

quinazolinones, 63, 316 

3- Arylamino-2-cyano-3-mercaptoacrylates, 

reaction with ketose acetates, 68, 316 

1- Arylamino-l-deoxyketoses, reaction with 

1,2-diaminonaphthalenes, 70, 289 
1 - Arylaminoisoq uinolines, 64, 206 
2[(Arylamino)methylene]cyclohexanones, 
67, 220 

cyclodehydration to acridines, 67, 289 
9-Arylaminomethylene-6,7,8,9-tetrahydro- 
4//-pyrido[l,2-a]pyrimidinones, spectra, 
63,108 

9-Arylaminomethylene-6,7,8,9-tetrahydro- 
4W-pyrido[l,2-a]pyrimidin-4-ones, 63, 
222 

3(5)-Arylamino-4-nitrosopyrazoles, 67, 253 

2- Arylamino-l,3-quinoxalinothiazine-4- 

ones, 66, 165 

4- (Arylamino)sydno[3,4-a]quinoxalines, 64, 

220 

2-Arylamino-l,3,4-thiadiazoles, 68, 328 
2-Arylamino-l,3,4-thiadiazole acyclo C- 
nucleosides, 68, 337 

4-Arylaminothieno[2,3-d]pyrimidines, 65, 

241 
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2-Arylaminothiophene-3-carboxamides, 
reaction with triethyl orthoformate, 66, 
202 

reaction with triethylorthoformate, 65 , 245 
5-Arylazo-6-arylidenehydrazino-l,3- 
dimethyluracils, precursor to 
pyrimido[5,4-e][l,2,4]triazines, 61 , 254 

2-Arylazo-3-benzofuryl-4(//)-l,4- 
benzopyrazine, 63 , 316 

2-Arylazo-3-benzofuryl-4(/7 )-l ,4- 
benzothiazine, 63 , 328 
5-Arylazo-6- 

(dimethylaminomethyleneimino)-l,3- 
dimethyluracils, photochemical 
cyclisations to 6-aryl-l,3-dimethyl-6,7- 
dihydro-6-azalumazine-7-ones, 61 , 243 
5-Arylazotropolones, reaction with 
bifunctional synthons, 64 , 90 
2-Arylbenzo-l,3-benzothiazin-4-ones, by 
oxidation of 2-aryl-l,3-benzthiazines, 

66, 144 
N-Aryl-2- 

benzoselenazolylmethanehydrazonoyl 
chloride, 63 , 293 

2-Aryl-l,3-benzothiazine-4-one-l-oxide, ring 
contraction to benzisothiazoles, 66,172 

2- Arylbenzotriazolin-4-one-l-oxide, 

synthesis, 69 , 63 

5- Aryl-2,5 '-bitetrazole, 67 , 48 
4-Aryl-3-bromo-4,6-dimethyl-3,4-dihydro-2- 

pyrones, debromination, 65, 289 
C-Aryl-A-(2-carboxyalkyl)nitrones, ring 
chain tautomerisation, 66,17 

3- Aryl-2-chloro-4-iminothieno[2,3-d) 

pyrimidines, 66, 207 

jV-Aryl-2-chloro-2-oxoethenehydrazonoyl 
chloride, reaction with o- 
aminothiophenol, 63 , 293 

3- Aryl-3-chloropropeniminium salts, 

reaction with glycine esters, 64, 11 

4- Arylcoumarins, 65, 302 

6- Aryl-3-cyano-4-methylthio-27/-pyran-2- 

one, 65, 312 

displacement of thiomethyl group by active 
methylenes, 65, 309 
reaction with amines, 65, 309 
reaction with methoxide, 65, 312 

5- Aryldeoxyuracils, via organomercurials, 

62 , 400 

4-Aryl-9,10-dialkoxy-l ,6,7,116-tetrahydro- 
2//-pyrimido[6,l-a]isoquinolin-2-ones, 
electrochemical reduction, 70 , 43 


2- Aryl-2,6-diamino-3,5-dicyano-4W- 

thiopyrans, 62, 66 

A-Aryldiazoacetamides, conversion to 
2(377)-indolinones, 65 , 122 
A-Aryldiazoacetoacetamides, thermolysis, 
65 , 122 

9-Aryldiazo-6,7,8,9-tetrahydro-4/7- 

pyrido[l ,2-a]pyrimidin-4-ones, 63 , 223 
1 - Aryl-1,4-dichloro-4- 

morpholinoamidrazones, reaction with 
aniline, 63 , 317 

l-Aryl-(l,2-dideoxyglycofurano)[2,l-d] 
imidazolidine-2-thiones, acid catalysed 
isomerisation and dehydration to C- 
nucleosides, 68, 281 

1- Aryl-l,4-dihydropyridines, hydrolysis to 

4//-pyrans. 62 , 67 

4-Aryl-dihydro-2-quinolinones, synthesis 
using enaminones, 67 , 280 

6-Aryl-2,4-dihydro[l,2,4][triazino[4,3-c] 
quinazolin-3-ones, 61 , 267 

3- Aryl-5,8-dihydro-6,6,8-trimethyl-5,8- 

ethano-67/-pyrano[4,3-e][l,2,4]triazine- 

4-oxide, 61 , 233 

4- Aryl-9,10-dimethoxy-6,7-dihydro-2ff- 

pyrimido[6,l-a]isoquinolines, 70 , 74 

2- Aryl-4,5-dimethyl-6-substituted-7,7- 

dioxothieno[2,3-d]pyrimidines, 66, 215 

2- Aryl-4,5-dimethyl-6-substitutedthieno 

[2,3-4]pyrimidines, 66, 215 
4-Aryl-2,4-dioxobutanoic acids, oxidation to 
furans, 69 , 22 

3- Aryl-2,4-dioxooctahydro-l/7- 

cyclopentapyrimidine, conformations, 
69, 415 

Al-Aryl enaminones, photocyclisation, 67 , 
239 

l-Aryl-3-ethoxycarbonylpyrrolidin-4-one, 

64,7 

Arylfervenulins, cleavage of triazole ring, 
61 , 257 

3-Arylfervenulins, 61 , 253 
l-Aryl-3-(2-furoyl)hydrazines, reaction with 
triphenylphosphine-carbon 
tetrachloride, 63 , 293 
1 -Aryl-4-(D-ga/acto-pentitol-1 - 

yl)imidazoline-2-thiones, failure to 
undergo acid-catalysed cyclisation, 68, 
281 

d/endo-2-Aryl-4a,5,6,7,8,8a-hexahydro-5,8- 
methano-4W-3,l-benzoxazines, 
conformations, 69 , 419 
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2- Aryl-1,6,7,8,9,9a-hexahydro-4//- 

quinolizines, 70, 38 

9-Arylhydrazino-6,7,8,9-tetrahydro-4/7- 
pyrido[l ,2-a]pyrimidin-4-ones, 63 , 223 
Arylhydrazonooxomalononitrile, precursor 
to pyrimido[4,5-e][l,2,4]-triazines, 61 , 
244 

9-Arylhydrazono-6,7,8,9-tetrahydro-4/J- 
pyrido[l,2-a]pyrimidinones, spectra, 63 , 
108 

3- (l-Arylhydrazono-2,3,4- 

trihydroxybutyl)quinoxalin-2-ones, 
cyclodehydration, 70, 289 
C-Aryl-/V-(2-hydroxyalkyl)aidonitrones, ring 
chain tautomerisation, 66,17 
3-Aryl-4-hydroxycoumarins, 65, 301 
anhydro 2-Aryl-3-hydroxythiazolo[2,3-a] 
phthalizinium hydroxides, reaction with 
methyl propiolate, 69,121 

2- Arylideneaminophenyl malonic esters, ring 

chain tautomerisation, 66, 54 

3- Arylideneaminopropionamide oximes, ring 

chain tautomerisation, 66, 25 
2-Arylidenecyclohepta[b]furan-3,8-diones, 
64 , 101 

2-Arylidene-l-cyclohexanones, reaction with 
dithiocarbamic acid, 69, 381 

2- Aryl idene-1 -cyclopentanones, reaction 

with dithiocarbamic acid, 69, 381 
9-Arylidene-6,7,8,9-tetrahydro-4W- 

pyrido[l,2-a]pyrimidines,-addition of 
bromine, 63 , 216 

6-Arylimidazo[2,l-6]thiazole-5-carboxylic 
acid, 69 , 296 

3- Aryl-4-imino-2-methylthieno[2,3-d] 

pyrimidines, 66, 207 

3-Aryl-4-iminothieno[2,3-d]pyrimidine-2- 
thiones, 66, 210 

2-Aryliodoniobenzoates, thermolysis, 69, 54 

1- Aryl-9-methoxy-l,2,3,5,6,7-hexahydro-7W- 

pyrido[3,2,l-/;]quinazolin-3-ones, 70, 66 
oxidation, 70, 48 

A'-(Arylmethylene)dehydroalanine methyl 
ester, dimerisation, 64 , 30 
5-Arylmethylene-l,3-dioxan-4,6-dione, 
conformations, 69 , 247 
9-Aryimethylenehydrazono)-6,7,8,9- 

tetrahydro-4//-pyrido[l,2-a]pyrimidin- 

4-ones, tautomerisation, 63, 116 

2- (A'-Aryl-/V-methylimino)-6,7-dihydro-4//- 

pyrimido[6,l-a]isoquinolin-4-ones, UV 
and infrared spectra, 70, 24 


3-Aryl-4-methyl-l,2,3-oxathiazolidine 2- 
oxides, nmr spectra and conformations, 

68, 97, 

,3 C nmr spectra, 68, 100 
cu-and tram-3,4a-//-l-Aryl-3- 
me thylperhydropyrido [ 1,2-c] 
[l,3]oxazine, conformations, 70, 11 
3-Aryl-methylperhydropyrido[l,2-c] 

|l,3]oxazine hydrochlorides, hydrolysis, 
70, 38 

3-Aryl-2-methyl-4-quinazolones, reaction 
with malonate esters, 68, 214 
3-Aryl-2-methylthieno[2,3-d]pyrimidine- 
4(3J/)-ones, 66,208 

2-Aryloctahydroquinazolinones, synthesis. 

69 , 390 

2-Aryl-6/J-l,3-oxazin-6-ones, via retro-Diels- 
Alder reactions from norbornene-fused 
dihydrooxazinones, 69 , 459 

2- Aryl-13-oxazolidines, tautomerism, 64, 

257 

Aryloxoflavins, cleavage of triazole ring, 61 , 
257 

A-Aryl-2-oxo-2-heteroarylethane 
hydrazonoyl bromides, 63, 293 

3- Aryl-4-oxo-4T/-pyrido[2,l-a]phthalazine-l- 

carboxamides, reduction, 69, 100 
2-Aryloxy-5,6-dihydro-l,3-thiazin-4-ones, 

66, 149 

2-Aryloxy-l,3-thiazin-4-ones, 66, 133 

2- Arylperhydropyrido[ l,2-c]pyrimidin-1,3- 

diones, 70, 67 

3- Arylpiperazinylethylthieno[3,2-rf] 

pyrimidinediones, 66, 238 
2-Aryl-2-(2-piperidinyl)acetamide, 
cyclisation, 70, 63 

A'-Arylprolines, reaction with trifluoroacetic 
acid anhydride, 64 , 22 
2-Arylpyrazino[2,3-d][3,l]oxazin-4-one, 64 , 
210 

2-Aryl-4-substituted-2,3-dihydro-l/7- 

pyrimido[6,l-u]quinolin-l,3-diones, 

70, 69 

2- Aryl-substituted tetrahydro-1,3-oxazines, 

tautomerism, 69, 447 

3- Arylsulfinylchromone, reaction with 

dienes, 65 , 353 

4- Arylsulfonyl-2-methyl-5-phenyl-l,3- 

oxazoles, 65, 180 
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2-Aryltetrahydro-2//-l,3-oxazines, ring chain 
tautomerisation by NMR, 66, 9 
ring-chain tautomerism, 69, 356, 450 
1 - Ary 1-3,4,5,6-te trahy dro-2//-pyrimido[6,l - 
a]isoquinolin-2,4-diones, 70, 64 

1- Aryl-3,4,6,7-tetrahydro-2//-pyrimido[l,6- 

a]quinoline-2,4-diones, 70, 47 

2- Aryl-l,2,3,4-tetrahydro-4-quinolones, 

dehydrogenation, 69, 74 
2-Aryl-l-tetralone, as intermediate in 
synthesis of benzo[c]phenanthridines, 
67, 349 

4-Aryl-2,2,6,6-tetra( trifluoromethyl)-6W- 
1,3,5-oxathiazine, thermolysis, 69, 383 

1- Aryl-3-(/3-D-araWno-tetritol-l- 

yl)flavazoles, 70, 287 

2- Arylthiazole-5-carboxylic acids, reaction 

with base and bromine, 69, 328 

7-Arylthienopyrimidin-2(l//),4(3//)diones 
66, 236 

1- Arylthieno[2,3-d]pyrimidin-4-ones, 66, 202 

2- Arylthieno[2,3-d]pyrimidin-4-ones, 66, 199 
4-Arylthieno[2,3-d]pyrimidin-2(l//)-thiones, 

66, 210 

1- Aryl-l,2,3-triazoles, from azidobenzenes 

and enaminones, 67, 260 

2- Aryl-l,2,4-triazolo[2',3'-3,2]triazolo[4,5-d] 

pyridazinone, 69, 329 
1 - Aryl-4,6,6-trimethyl-3-phenyl-l ,6- 
dihydropyrano[2,3-c]pyrazoles, 
reaction with dimethyl acetylene 
dicarboxylate, 63, 355 
Arylvinyl-4,5-dimethyl-6- 

substitutedthieno[2,3-d]pyrimidines, 66, 
215 

2-(2-Arylvinyl)thieno[2,3-rf]pyrimidin-4- 
ones, 66, 228 
Ascididemin, 70, 96 

Ascorbic acid, Pd(0) catalysed allylation, 
66,81 

in preparation of EHNA analogs, 68, 64 
L-Ascorbic acid, in synthesis of 
acyclonucleosides, 69,168 
Aspidosperma alkaloids, 67, 244 
Asporenomicin A, B & C, 65,108 
Atalanine, 70, 147 
Atalaphyllidine, 70, 127, 132 
Atalaphyllinine, 70,127 
Ataline, 70, 147 

1,3,2-Axoazophosphorinanes, from 
aminopropyl(alloxycarbonyl)- 
phosphines, 61, 75 


8-Azaadenine acylonucleosides, 68, 10 
1-Aza[14]annulenes, 64,188 
Azaanthraquinone-spirodienones, 
preparation, 69, 54 

(2-Azaarylamino)methylenemalononitriles, 
ring chain tautomerisation, 66, 55 
Azabicyclo[5,3,0]decatrienones, 65,118 
7-Azabicyclo[2,2,l]heptanes, via carbene 
reactions, 65, 202 

1-Azabicyclo[3,2,0]heptanes, 65, 108 

7- Azabicyclo[4,2,0]octadienes, 65, 106 

8- Azabicyclo[3,2,ljoctanes, via carbene 

reactions, 65, 200 
Azabicyclo[3,3,0]octanes, 64, 44 
1-Azabicyclo[3,3,0]octanes, 65,109 

1- Azabicyclo[4,2,0]octane, 65, 104, 65, 126 
Aza-l-bicyclo[2,l,0]pentane, 64, 5 

9- Azabicyclo[5,4,0]undecanes, 65,131 
4-Azacronycine, 70, 102 

2- Aza-3-cyano-l,4-quinones, 61,145 
Azacyclo[3,2,2]azines, from 6-azaindolizine, 

68, 208 

Azacyclo[3,3,3]azines, synthesis, 68,185 
Azadienaminones, from azaenaminones and 
Meldrum’s acid, 67, 310 
1, 3,4-Azadiphosphacyclopentanes, from 
1,5,3,7-diazadiphosphacyclo-octanes, 
61,78 

6- Azaindolizine, formation of 

azacyl[3,2,2]azines, 68, 208 
1,3,5-Azaoxaphosphorinanes, from 
phosphine addition to aldehydes 
followed by reaction with azomethines, 
61,63 

nmr and conformations, 61, 82 
nmr and stereochemistry, 61, 71 
l-Aza-7-oxa-4-thiabicyclo[6.2.0]dec-5-en-10- 
ones, preparation by ring expansion of 
penams, 69, 78 

1,2-Azaphosphetidines, 65, 172 

7- Azapteridine, see pyrimido[5,4-e] 

[l,2,4|triazine 

3- Azapyrylium salts, 64, 350 
Azaquinones, 61, 145 

cycloaddition reactions, 61, 147 
spectra, 61, 148 

Azaspiroundecane, synthesis, 67,275; 67,276 

3-Azathiopyrylium salts, 64, 353 
Azatropylium salts with 

tetracyanoquinodimethane, 66, 380 
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2-Azazulenes, 65, 118 
Azazulenones, tautomerism, 66, 323 
Azepino[l ,2-a]quinazolines, 68, 215 
Azepinotropones, 64, 115 
nmr spectra, 66, 293 
Azetidine-2-carboxylic acid, 64, 5 
(L)-3-Azetidinone, 65, 105 
Azetidinones, 65, 74 
Azetidinothiazolines, 65, 71 
Azeto[2,l-d][l,5]benzothiazepines, 63, 64 
Azeto[2,l-6][l,3]oxazines, by ketene addition 
to dihydrooxazines, 69, 454 
Azeto[2,l-6][l,3]thiazines, synthesis, 69, 456 
Azido-acyclic nucleosides, 68, 18 
Azidoalkylbenzotriazole, 64, 166 

5- Azido-3-aryl-l,2,4-triazoles, 63, 297 
o-Azidobenzaldehyde azine, thermal 

decomposition, 67, 26 
o-Azidocinnamates, conversion to 
quinolines, 64, 204 
conversion to isoquinolines, 64, 207 

4- Azido-3-coumarinecarboxaldehydes, 65, 

309 

2 '-Azido-2 '-deoxypyrimidin-5-yl C 
nucleosides, 68, 373 

6- Azido-6-deoxy-5-0-sulfonylfuranose 

derivatives, reduction 68, 231 
5'-Azido-5'-deoxytiazofurin, 68, 309 
6-Azido-6-deoxy-5-0-(4-tolylsulfonyI)-D- 
glucitol derivatives, reduction, 68, 232 

2- (2-Azido-3,5-dibromobenzoyl)pyridine, 

pyrolysis, 69,113 
3'-Azido-2',3'-dideoxy-l- 

methylpseudourine, lack of activity 
against HIV-1, 68, 373 

3- Azido-2,3-dideoxynucleoside, reduction via 

itninophosphoranes, 64, 173 
2-(2'-Azido-2' ,3 '-dideoxy-/3-D- 
xylofuranosyl)imidazo[4,5-d] 
pyrimidine, 70, 252 

6-Azido-l,3-dimethyluracil, photolysis in 
presence of acylhydrazines to give 
fervenulins, 61, 255 

V-(2-Azidoethyl)phthalimide, conversion to 
condensed imidazolines, 64, 192 

5- Azido-2(5//)-furanone, preparation, 69,65 
2-Azidomethylbenzimidazoles, conversion to 

imidazo[l,5-a]benzimidazoles, 64, 193 

4- Azido-4-methyl-2,3,5,6-tetraphenyl-4//- 

pyran, 62, 60 


1- (3-Azido-2-oxopropyl)pyridazin-6-one, in 

synthesis of acyclonucleosides, 69, 181 

2- Azido-2-phenyl-l,3-indanedione, 

thermolysis to monoazaquinones, 61,150 

3- (o-Azidophenyl)isoxazoles, precursor to 

isoxazolo[4,3-c]quinolines, 64, 205 

5-Azido-4-phenyltropolone, thermal 
decomposition, 64, 122 

3- Azidopropyloxirane, 64, 183 

2- Azido-2H-pyrans, 62, 60 
decomposition to 1,3-oxazepines, 62, 97 

4- Azido-4//-pyrans, conversion to oxepines, 

62, 97 

3- Azidopyrimido[4,5-e][l,2,4]triazine, 61,307 
o-Azidosulfonyl-t-anilines, thermolysis, 

65,27 

Aziridines, by carbene addition to imines, 
65,98 

from itninophosphoranes, 64,182 
synthesis from aminoacids, 64, 3 
•y-hydroxy-a-aminoacids, 64, 4 
Aziridine-V-oxides, photolysis, 64, 97 
Aziridinoindoles, synthesis, 67, 217 
Aziridino[l,2-a]pyrrolidine, 64,183 
Azirine acyclo C-nucleosides, preparation, 
68,232 

Azirino[2,l -d] [1,5]benzothiazepines, 
synthesis and structure, 63, 63 
Azoalkenyl chlorides, reaction with 
pyrrolidine and cyclisation, 65, 25 
Azobenzene, reaction with isopropylidene 
carbene, 65, 173 

V,V-Azocarbazole, thermolysis to 9,9'- 
bicarbazole, 67,17 
Azolotropylium salts, 64,129 
Azomethine ylides, 1,3-dipolar 
cycloadditions, 67, 229 
Azomycin acyclonucleosides, 69, 144 
lOc-Azoniafluoranthene salts, preparation 
from azoniafluorene salts, 68, 213 
Azoniafluorene salts, reaction with glyoxal, 
68,213 

12-Azonianaphth[l,2-6]azulene, 67, 355 
l',2'-seco-AZT, synthesis, 67, 400 


Baikaine see l,2,3,6-tetrahydropyridine-2- 
carboxylic acid 

Baldwin’s rules and ring chain tautomerism, 
64, 272, 66, 3 
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Barbituric acid, Pd(0) catalysed allylation, 
66, 116 

4-Benzalamino-l,2,4-triazoline-3,5-dione, 

67, 121 

Benzamido-6-bromotropone, reaction with 
dimethyl sulfide, 66, 384 
2-Benzamidocyclohexanecarboxylic acid, 
cyclodehydration, 69, 380 
Benzamidohydrazone of 2-(2'- 

methylaminoethyl)4,5-methylenedioxy- 
benzaldehyde-ring chain tautomerism, 
66, 36 

7-Benzamido-3-methyl-l-methoxy-8//- 
pyrido[l,2-c]pyrimidin-8-one, 70, 68 

2- Benzamido-3-methylsulfonyloxy-L-iditol, 

heating in pyridine, 68, 305 
7-Benzamido-8tf-pyrido[l,2-f>]pyridazin-8- 
one, 69, 117 

3- Benzamido-4tf-pyrido[l,2-a]pyrimidi7V4- 

one, 63,151 

7-Benzamido-67/-pyrido[l,2-a]pyrimidiV6- 
one, 63,159 

2- Benzamidotropones, cyclisation, 64,137 
Benzamidrazonium iodides, ring chain 

tautomerism, 66, 29 
Benzazaphosphepanes, 61, 76 
Benzazaphospholenes, 61, 76 
Benzazaphosphorinanes, 61, 76 
Benzazepine 64, 226 

Benzazepinones, from phenylalanine 64, 53 
Benzazinotropones 66,108 
UV spectra 66, 299 
Benzazinotropylium salts, 64,130 
conductive salts with 

tetracyanoquinodimethane, 66, 380 
Benzil dioximes, oxidative cyclisation, 69,43 
Benzil monothiobenzoylhydrazones, ring 
chain tautomerism, 66,45 
Benzil phenylacetylhydrazones, ring chain 
tautomerism, 66, 45 
Benzimidazole, photolysis, 67, 38 
Benzimidazole-V-oxides, 65, 14 
Benzimidazolethione, Pd(0) catalysed 
allylation, 66, 96 
7V-(2-Benzimidazolyl-C- 

ethoxycarbonylformohvdrazonoyl 
chloride, 63, 315 

7V(2-Benzimidazolyl)hydrazonoyl chloride, 
cyclisation, 63, 305 

3- (Benzimidazolylthiomethyl)-l- 

methylpyrazolotropones, 66, 394 


Benzimidazothiadiazonium salts, ring 
contraction, 65, 67 

Benzimidazo[2,l-c]-l,2,4-triazole, 63, 305 
Benz[g]indoles, 65, 123 
Benzoannulated l,3-oxazine-4-onium salts, 
64, 361 

Benzo[d]-3-azapyrylium salts, 64, 357 
3,4-Benzocoumarin, synthesis from 2- 
aryliodoniobenzoates, 69, 54 
Benzocyclobutenedione, 61, 173 
Benzocyclooctene, 65, 343 
Benzodiazepinediones, from anthranilamides 
and dimethyl acetylenedicarboxylate, 

67, 324 

1.3- Benzodiazepines 64, 227 

1.4- Benzodiazepines-from 2- 

aminobenzophenones 64, 53 
Benzodiazepinotropones 64,129 
Benzodihydropyrans, formation by carbene 
insertions 65, 156 

l,3-Benzodioxin-4-one, conformations, 69, 
245 

5,6-Benzo-4-diphenylphosphino-2-phenyl- 

l,3-dioxa-2-boracyclohexane-reactions, 
61,118 

Benzofurans, 65, 140; 67, 219 
palladium coupled homocoupling to 2,2'- 
bibenzofuran, 67, 18 

Benzofuro[3,2-6][l,5]benzothiazepines, 63, 
90 

Benzofuro[3',2':5,6]pyrazino[2,3-d]pyrimidi- 
W-2,4-dione, 61, 245 
Benzofuro[2,3-c]pyridazine, 63, 383 
Benzofurotropone, 64,105 
Benzofurotropylium ions, ’Hnmr spectra, 
66,314 

catalytic hydrogenation, 66, 383 
Benzofurotropylium salts, 64,137 

2- Benzofuryl-3-arylazoimidazo[l,2-a] 

pyridine, 63, 320 
Benzo[/]indoles, 67, 238 
Benzoindolizine, 65, 129 
Benzoisothiazoles, from base catalysed ring 
contraction of 2-aryl-l,3-benzothiazin-4- 
one-5-oxides, 66, 172 
Benzoisothiazole-5-oxide, 66, 172 

3- Benzo[d]isoxazolyl-4-cyano-5-hydroxy-l- 

phenylpyrazole, 63, 314 
Benzo[c][l,8]naphthyridine, 62, 362 
Benzo[i,;]-2,7-naphthyridine, preparation, 

68, 200 
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Benzonitrile-V-phenylimine, 1,3-dipolar 
cycloaddition to 1,5-benzothiazepines, 
63, 80 

Benzo-oxadiazoles, synthesis, 69, 43 
Benzo-4/7-1,3-oxazinium salts, 64, 349 
Benzo-4/7-3,1 -oxazonium salts, 64, 349 
7-and 8-Benzo[/]-2-oxo-l ,5-diazepin-4-yl 
homo C,-nucleosides, 70, 305 
Benzo[c]phenanthridine alkaloids, 67, 345 
biological activity and mechanism of 
action, 67, 347 

Benzo[c]phenanthrid-6(5//)-ones, synthesis, 
67, 359; 67, 360 

Benzo[6][l,7]phenanthroline anticancer 
agents, 70, 102 
[l]-Benzopyrano[2,3-6] 

[l,5]benzothiazepines, 63, 93 
7/7-[l]-Benzopyrano[3,4-c] 

[1.5] benzothiazepines, 63, 94 
6//-[l ]-Benzopyrano[4,3-f»] 

[1.5] benzothiazepiM>-one, 63, 94 
2/7-l-Benzopyran-V-2-one, reaction with 

silyloxydienes, 65, 350 
2-Benzopyran-3-one-reaction as diene in 
Diels-Alder reaction, 65, 345 
preparation, 65, 346 
reaction with 2-isobutoxy-/V- 
isobutoxycarbonyl-1,2- 
dihydroisoquinoline and ethyl 2,2- 
dimethyl-l-cyanoethene-1 - 
carboxylate, 65, 346 
Benzopyranopyridines, 67, 300 
Benzopyrano[4,3-6]pyridines, 67, 303 
Benzopyrano[3,4-d]pyrimidines-from 
enaminones and amidines, 67, 315 
Benzopyrano[3,4-e]pyrimido[ 1,2-6] 
[l,2,4]triazine, 61, 305 
Benzopyrano[4,3 e]pyrimido[l,2-6] 
[l,2,4]triazine, 61, 305 
Benzopyrano[4,3-6]quinoline, 67, 303 
2H-B enzopyrans, 65, 298 
Benzopyridotroponeimine, tosylation, 
sulfenylation, methylation, 66, 378 
Benzopyridotropones, 64, 87 
formation of imino-bridged derivatives 
with hydrazine, 66, 339 
reduction by Wolff-Kishner reaction, 66, 
340 

reaction with Grignard reagents, 66, 340 
nitration on benzene ring, 66, 347 


formation of troponeimines, 66, 373 
reductive amination, 66, 378 
NMR spectra, 66, 288 
IR spectra, 66, 302 

Benzo[/']pyrrolo[2,3-6]acridine, 70, 139 
frww-Benzopyrroloindole, 65, 4 
1-Benzopyrilium triflates, preparation and 
reaction with 3-(trimethylsilyl)-l- 
butenes, 65, 330 

Benzopyrylium ylides, preparation via Cu 
catalysed decomposition of o-(2- 
azidoacetyl)benzoates, 65, 363 
preparation via enolisation of 
epoxyindanones, 65, 364 
Benzo[/»]quinoline-5,6-dione, conversion to 
triazinobenzoquinones. 61, 228 
Benzo|/]quinolin-2-yl reverse C-nucleoside, 
70,207 

Benzoquinolizidines, synthesis, 67, 288 
Benzo[<J]quinolizinium salts, preparation 
from 1-methylisoquinoline, 68, 213 
Benzoquinolizinones, isomerisation to 
acridinones, 67, 290 
3-(p-Benzoquinonyl)tropolone, 64, 105 
Benzo[6]-l,4-thiazepines, loss of sulfur, 65,50 
Benzo[6]-l,4-thiazepin-4-ones, loss of sulfur, 
65,51 

Benzo[6]-l,4-thiazepin-4-thiones, loss of 
sulfur, 65, 51 

1.5- Benzothiazepine-4(5W )-thiones, reaction 

with acyl hydrazides, 63, 79 
precursor to [l,2,4]triazolo[3,4-d] 

[l,5]benzothiazepines, 63, 80 

1.5- Benzothiazepines, 1,3 dipolar 

cycloaddition reactions with 
benzonitrile-V-phenylimines, 63, 80 
1,3 dipolar cycloaddition reactions with 
benzonitrile oxides, 63, 82 
Benzo[f]l,5-thiazepin-2-yl homo C- 
nucleosides, 70, 306 

1.4- Benzothiazine-3-carboxylic acid, 

derivatives for L-cystine, 64, 51 
Benzothiazines, from o-thioaniline and 1,3- 
dicarbonyl compounds, 67, 308 
from vinyl thioethers, 67, 309 

1.4- Benzothiazines, from diazo compounds, 

65, 191 

Benzothiazine ylides, from enaminones and 
2-methylsufinylaniline, 67, 310 
l,3-Benzothiazin-4-ones, 66, 139 
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Benzothiazinonium perchlorates, reaction 
with guanidines and isothioureas, 66,179 
Benzothiazinotropones UV spectra, 66, 300, 
66, 301 

tautomerism, 66, 310 
nitration, bromination, 66, 333 
chlorination, 66, 342 
5-oxidation, 66, 351 
Benzothiazinotropone-5-oxides, 
bromination, 66, 352 
reduction, 66, 352 
nitration, 66, 352 
9-(Benzothiazin-2-yl) 

tetrahydropyridopyrimidin-4-one, 63, 
217 

Benzothiazolethione, Pd(0) catalysed 
allylation, 66, 96 

Benzothiazolines, from vinyl thioethers, 67, 
309 

Benzo [6] thiazolo [3,2-d] 1,4-diazepin-l -yl 
acyclo C-nucleosides, 70 , 305 
Benzo [f>] thiazolo [3,2-d]l ,4-oxazepin-l -y 1 
acyclo C-nucleosides, 70 , 305 
Benzothiazolopyrimidines, via thermal 
cyclization of enaminones, 67 , 315 
Benzothiazolo[2,3-c]-l,2,4-triazole, 63 , 299 
7-(Benzothiazol-l-yl)-6,7-dihydro-l//, 3-/7, 
5//-pyrido[3,2,l-t,/][3,l]benzoxazine, 
reaction with Grignard reagents, 70 , 32 
2-Benzothiazolyl lithium, reaction with 
phosphorus halides to 2,2'- 
bibenzothiazoles, 67 , 40 
Benzothiazol-2-yl C-nucleosides, 

conformations and CD spectra, 70 , 194 
Benzothienopyrimidine- 

2(l//),4(3//)dithione, 66, 218 
Benzothienotropones, Wittig reaction, 66, 
340 

chloromethylation, 66, 356 
Benzo[f>]thiepanes, 65 , 168 
Benzo[d]thiepin-2,4-dicarboxylic acid, loss of 
sulfur, 65 , 46 
Benzothietanes, 65 , 161 
Benzo[c]thiophenes, preparation from 
iodonium methylides, 69 , 35 
l-(3-Benzo[6]thiophene)cyclohex-l-ene, 
Diels-Alder reaction, 63 , 367 
[l]-Benzothiopyrano[2,3-b] 

[1.5] benzothiazepines, 63 , 95 
13//-[l]-Benzothiopyrano[2,3-f>] 

[1.5] benzothiazcpin-iV-13-ones, 63, 95 


Benzothiopyrano[4,3-b]pyrans, 67 , 262 
Benzothiopyranopyridines, 67 , 300 
Benzotriazepines, from enaminones, 67 , 324 
l//-l,2,4-Benzotriazepines, 64 , 228 
Benzotriazepinones, from enaminones, 67 , 
324 

Benzo[/] 1,3,5-triazepin-4-yl acyclo C- 
nucleosides, 70 , 307 
1,2,4-Benzotriazine, from flash vacuum 
pyrolysis of phosphorenes, 65 , 195 
4//-Benzo[6][l,2,4]triazino[6,5-f>] 
[l,4]thiazin-3(2//)-ones, 61 , 274 
Benzotriazoles, Pd(0) catalysed allylation, 
66, 95 

photolysis, 65 , 119 
l-(l-Benzotriazolyl)-l,2-dihydro-3//- 

[3,l]benzoxacine, 70 , 57 
Benzo[e]-l,2J-trithiepane, loss of sulfur on 
oxidation, 65 , 52 

Benzotropolones, pKa values, 66, 330 
oxidative cleavage to o-carboxycinnamic 
acids, 66, 367 

Benzotropone, aromaticity, 66, 307 
Benzotroponopyridinium salts, reaction with 
azulene aldehyde, 66, 361 
Benzotropylium salts, oxidation to 
benzotropones, 66, 380 
reaction with nucleophiles, 66, 380 
1,3,2-Benzoxaphosphole, 64 , 169 
Benzoxathiino[4,3-6]pyridines, 64 , 60 
Benzoxazepines, from chromylium salts, 65 , 
307 

1.3- Benzoxazepines, 64, 226 
Benzoxazepinones, from leucine, 64 , 53 
3,1-Benzoxazines, 69 , 354 

1.3- Benzoxazines, 69, 354 

[3.1] Benzoxazino[l,2-c][l,3]benzoxazines, 
synthesis, 69, 458 

[3.1] Benzoxazino[4,3-f>][l,3]benzoxazines, 
synthesis, 69, 458 

Benzoxazinone, 64 , 209 
[l,3]Benzoxazino[23-b][l,3]oxazines, 
synthesis, 69 , 455 
Benzoxazinotropone, 64 , 128 
solid state structure, 66, 286 
aromaticity, 66, 308 
tautomerism, 66, 308 
alkylation, 66, 342 

Benzoxazinylthieno[2,3-d]pyrimidines, 66, 
216 
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Benzoxazolethione, Pd(0) catalysed 
allylation, 66, 95 
Benzoxazol-2(3//)-ones, 67, 249 
Benzoxepinopyrazolones, 65, 320 
Benzoxetanes, 65, 138 
Benzoylacetone-A'-benzoylhydrazone, ring 
chain tautomerism 64, 297 
Benzoylacetone dioximes, ring chain 
tautomerism, 66, 21 

A'-Benzoyladenine, Pd(0) catalysed reaction 
with the monoacetate of co-cyclopent-2- 
en-l,4-diol, 66, 122 

pertrimethylsilyl derivatives in synthesis of 
acyclonucleosides, 68, 60 
6-Benzoyladenine, reaction with alkylating 
agents, 69, 144 

2-Benzoylamino-5-bromotropone, reaction 
with methyl sulfate, 64, 110 

2-Benzoylamino-3- 

dimethylaminopropenoate, reaction 
with 2-cyanomethylpyridine, 64, 51 

2- Benzoylamino-5-hydroxytropone, from 

oxazolotropones, 66, 368 
A'-Benzoyl-cu-and trans-aminomethyl-l- 
cyclohexanols, cyclisations with 
phosphorus pentasulfide, 69, 382 
A'-Benzoylaminopropyne, conversion to 2- 
oxazolines, 64, 348 

3- Benzoylaminotropolone, from 

oxazolotropones, 66, 368 

2- Benzoylbenzoyl azide, ring chain 

tautomerism, 64, 263 

iVBenzoyl-iV-t-butyl diazoacetamides, Rh(II) 
catalysed decomposition 65,102 

3- Benzoylcoumarin, reaction with 

diazoalkanes, 65, 320 
A-Benzoyldecahydroquinolin-7-one, 
condensation with 2- 
aminobenzaldehyde, 70, 99 
l,3,4-tri-0-Benzoyl-2-deoxy-D-ribofuranose, 
in preparation of acylconucleosides, 

68, 62 

6-Benzoyl-2,5-diamino-4- 

thiomethylthieno[2,3-d]pyrimidine, 66, 
218 

A'-Benzoyl-2,2-difluoro-3,3- 

difluoromethylaziridine, 65,100 
2-Benzoyl-2,3-dihydro-l,3-benzothiazin-4- 
ones, 66, 159 

6-Benzoyl-2,3-dihydro-2-phenyl-l,3-thiazin- 

4-ones, from ring expansion of 
isothiazolones, 66,146 


2-Benzoyl-5,7-dimethylbenzo[b]thiophene- 
1,1-dioxide, 65, 165 

jV-Benzoylhydrazones of acylpinacolines, 
ring chain tautomerism 64, 300 
jV-Benzoylhydrazones of 1,3-diketones, ring 
chain tautomerism 64, 301 
jV-Benzoylhydrazones of methyl 4-aryl-2,4- 
dioxobutanoates. ring chain 
tautomerism, 64, 303 

2- [4-0-Benzoyl-(3s)-3-hydroxybutyl]-3- 

methylquinoxaline, synthesis and 
debenzoylation, 68, 79 

3- Benzoyl-4-iminothienopyrimidin-2-thione, 

65, 242 

5-Benzoyl-2-methylimidazo[2,l-6] 
[l,3,4]thiadiazole, 69, 308 

1- Benzyloxy-2-chloromethoxypropane, 

coupling with silylated thymine, 69,196 
2,3-Benzoyloxycyclobutane free radicals, 68, 
348 

[2-(Benzoyloxy)ethoxy]acetic acid, 70 , 301 

2- (2-Benzoyloxyethoxymethyl)-8-benzyloxy- 

l,2,4-triazolo[l,5-c]pyrimidine, 69,148 

2- [2-(Benzoyloxy)-ethoxy]thioacetimidate, 

reaction with 5-benzyloxy-6- 
hydrazinopyrimidine, 70, 258 
Benzyloxyethylchloromethyl ether, 69, 130 
5-Benzyloxy-4-hydrazinopyrimidine, 
cyclisation, 69,148 

trans-l,116-//-l-Benzoyloxymethyl-9,10- 
dimethoxy-4-phenylimino-l,2,3,6,7,llb- 
hexahydro[l ,3Jthiazino[4,3-a] 
isoquinoline, 70 , 41 

4- Benzyloxymethyl-2-oxo-l ,3-dioxalane, in 

synthesis of acyclonucleosides, 69,175 

4- Benzoyl-5-phenyl-l,3-oxathiazol-2-thione, 

synthesis, 69, 43 

l-Benzoyl-2-jV-propylcycloprop-2-ene, 65, 
160 

5- Benzoylpyridazine-4-carboxamide, ring 

chain tautomerism, 64, 267 

3- Benzoylpyridine-2-carboxamides, ring 

chain tautomerism, 64, 267 
3-Benzoylpyridine 2(and 4-)-carboxylic acid, 
ring chain tautomerism 64, 260 
3-Benzoyl-4//-pyrido[l,2-a]pyrimidin-4-one, 
63,150 

tri-0-Benzoyl-/3-D-ribofuranosylamidoxime, 
reaction with acid anhydrides, 68, 329 
9-Benzoyl-l,2,3,4-tetrahydropyrido[l,2-a) 
pyrimidin-6-one, 63,161 
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2- Benzoyl-3-trifluoromethy 1-5 - 

methylpyrrole, synthesis, 67, 224 

3- Benzoylthieno[2,3-d]pyrimidine-2-thione, 

66, 211 

Benzthiazinotropones, 64, 109, 64, 128 

8- Benzylamino-9-cyano-4-oxo-4//- 

pyrido[l,2-a]pyrimidine-3-carboxylate, 
63,142 

1- Benzyl-4-aminoimidazole, by catalytic 

reduction of l-benzyl-4-nitroimidazole, 
61, 17 

(±)-/V-Benzyl aspidospermidine, 67, 240 
O-Benzylated 2-pyridyl acyclo C-nucleoside, 
cyclisation with diethyl 
azodicarboxylate, 68, 341 
Benzylbis(a-hydroxybenzyl)phosphine 
oxide, precursor to 1,3,5- 
dioxaphosphorinane oxides, 61, 64 
Benzyl-(o-carbamoyl)phenyl sulfoxides, 
cyclisation to 2,3-dihydro-l,3- 
benzothiazin-4-ones, 66,159 

2- Benzyl-10-chloro-l,2,3,5,6,7-hexahydro- 

8W-pyrimido[5,6,l-yfc] 

[1,4]benzodiazepin-8-one, formation, 

70, 52 

2-Benzyl-9-chloro-1,2,3,5,6,7- 

hexahydropyrido[3,2,l-i/]quinazolin-7- 
one, reaction with sodium azide, 70, 52 
V-Benzyldeethylaspidospermidine, 67, 241 
N-Benzyldiazoacetamides, 65 , 118 

4- (6-Benzyl-6,7-dihydro-3-aryl-4-oxo-4/7- 

pyrido[2,l-«]phthalazine-l- 
carbonyl)morpholine, 69, 101 
O-Benzylfagaronine, 67 , 383 

1,3-di-O-Benzylglycerol, as a precursor of 
acylonucleosides, 68, 2 
2-Benzyl-l,2,3,5,6,7-hexahydropyrido 
[3,2,l-/,;']quinazolin-7-one, 70, 64 
reduction, 70 , 42 
acylation, 70,45 

/V-(Benzylidene)alkylamines, reaction with 
dichlorocarbenes, 65 , 111 
2,4:3,5-di-0-Benzyhdene-an/tydro-D-ribose, 
reaction with 3-chloro-4-lithiopyridine, 
68, 352 

/V-Benzylideneaniline, reaction with 
dichlorocarbene, 65, 99 
Benzylidene 1,1 ';-bisnaphthols, oxidation, 
69,25 

9- Benzylidene-6-methyl-6,7,8,9-tetrahydro- 

4-oxo-4//-pyrido[l,2-«]pyrimidine-3- 


carboxylic acid, conversion to acid 
chloride, 63, 195 

l-Benzyl-5-iodopyrimidin-2-one, coupling 
with stannanes, 62 , 332 

3-Benzyl-4-lithio-l,2,3-oxadiazol-5-one, 
reaction with L-gulonolactones, 68, 328 
er>r/iro-/3-3-Benzylmalate, synthesis via cyclic 
sulfites, 68, 135 

5-Benzylmercaptopropionic acid amides, 
oxidative cyclisation to 2,3,5,6- 
tetrahydro-l,3-thiazin-4-ones, 66,155 

1- Benzyl-4-nitroimidazole, reduction to 1- 

benzyl-4-aminoimidazole 61 , 17 

2- Benzyloxirane, 65 , 136 
Benzyloxolan-3-ones, 65 , 142 
Benzyl trans-Aa, S-W-l-oxo-2- 

propylperhydropyrido[l,2-c]pyrimidine- 
9-carboxylate, X-ray structure of 
complex with FKB12, 70, 30 
(R)-and (s)-l-Benzyloxy-3-azido-2-propanol, 
precursor for acylonucleosides, 68,18 
iVBenzyloxycarbonylamino-D-glucose 

dithioacetal, intramolecular cyclisation, 
68, 302 

2.3- Benzyloxycyclobutane free radicals, 

coupling with pyridinium 
trifluoroacetate, 68, 374 

2- (Benzyloxy)ethanol, precursor in 

preparation of acyclonucleosides, 68, 57 
O-Benzyloxyfagaronine, 67, 382 

3- (Benzyloxy-l- 

fluoromethylpropyl)chloromethylether, 
reaction with purines to give 
acylonucleosides, 68,16 
N-Benzyloxy-/3-lactams, 65 , 109 

2- Benzyloxymethyl-l,3-dibenzyloxy-2- 

propanol, as a precursor of 
acylonucleosides, 68, 24 
l-(Benzyloxy)methyl-4-(substituted imino)- 
1,2,4,6,7,116- 

hexahydro[l ,3]thiazino[4,3-a] 
isoquinolines, 70, 61 

3- (o-Benzyloxyphenyl)-l-diazoacetone, 

Rh(II)-catalysed decomposition, 65 , 155 
(l-Benzyloxy-3-phthalimido-2- 

propoxy)methyl chloride, alkylation of 
purines, 68, 23 

R-2-(Benzyloxy)propanal, preparation of 
acyclonucleosides, 68, 63 

1.3- bis(Benzyloxy)-2-propanone, reaction 
with lithiated pyrimidines to give 
carboacyclic C-nucleosides, 68, 40 
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3- Benzyloxy-2-pyridone, by oxidation of 2- 

pyridone, 61, 145 

9-Benzyloxy-4//-pyrido[l,2-a]pyrimidin-4- 
ones, hydrogenation, 63, 179 

4- Benzyl-2-phenyl-2,3-dihydro-l/f- 

pyrimido[l,6-a]quinoline, heating, 70,47 
4-Benzyl-2-phenyl-2,3-dihydro-l W- 
pyrimido[l,6-a]quinolin-l,3-diones, 

70, 69 

4- Benzyl-2-phenyl-2,3-dihydro-l//- 

py rimido[6,1-a ]quinoline-l ,3-dione, 
catalytic reduction, 70, 43 
2-Benzyl-1 -phenyl-6-propyl-4,5,7-triethyl- 
2,3,5,6,7,8-hexahydro-l/J-pyrido[l,2-c] 
pyrimidines, 70, 74 
2-Benzylphenyltellurium trichloride, 
cyclisation, 63, 35 

2- Benzylpyridine, 62, 403 
Benzyl-2-pyridylsulfoxide, reaction with 

phenyl Grignard, 62, 403 

5- O-Benzyl-D-rhamnitol, preparation of 

acyclonucleosides, 68, 63 
N- Benzyl-2-(/3-D- 

ribofuranosyl)ethanolamine, reaction 
with diemthylacetylene dicarboxylate, 
68, 248 

Benzyl D-ribofuranosylthioformimidate, 
reaction with 3-chloro-2- 
hydrazinopyrazine, 70, 281 

3- Benzylthieno[2,3-d]pyrimidine-4-one-2- 

thione, 66, 195 

3-(l'-Benzylthioethylen-l-yl)indole, reaction 
with methyl maleate, 63, 376 
8-Benzylthio-l,2,4-triazolo[4,2-a]pyrazin-3-yl 
C-nucleosides, 70, 281 
3,5-Di-0-Benzyl-l-0-trityl-2-deoxy-D- 
ribitol, precursor in .reco-nucleoside 
synthesis, 67, 417 

1 -Benzyl-2-vinylindole, cycloaddition, 63,351 
BETMIP see 1- 

(triphenylphosphoranylideneamine) 
benzotriazole 
9,9'-Biacridine, 67, 58 
spectra, 67, 58 
reduction, 67, 58 
Biazetidinine disulfide, 65, 74 
1,2'-Bibenzimidazole, 67, 37 
2,2'-Bibenzimidazole, 67, 38 
from photolysis of 2-(2'- 

furyl)benzimidazole, 67, 38 


X-ray structure, 67, 38 
spectra, 67, 39 
alkylation, 67, 39 
oxidation, 67, 39 

reaction with boron trifluoride, 67, 39 
complexes, 67, 39 
2,2'-Bibenzofuran, 67, 17 
by base catalysed cyclisation of 
salicaldehyde ether, 67, 17 
by palladium catalysed homocoupling of 
benzofuran with 2- 
(chloromercury)benzofuran, 67, 18 
by copper induced homocoupling of 2- 
trimethylstannylbenzofuran, 67,18 
by nickel mediated homocoupling of 2- 
bromobenzofuran, 67, 18 
2,2'-Bibenzothiazole. 67, 40 
from photolysis of benzothiazole, 67, 40 
spectra and electrochemical studies, 
67,40 

dimethylation, 67,40 
2,2’-Bibenzothiophene, from oxidative 
coupling of 2-lithiobenzothiophene, 

67, 18 

by acid catalyzed dimerization of 
benzothiophene, 67,19 
from 2-bromobenzothiophene, 67, 19 
theoretical and photoelectron studies on 
conformation, 67, 20 
desufurization, 67, 20 
reaction with sulfur, 67, 20 
conversion to a cyclic tetramer, 67, 20 
2,3'-Bibenzo[b]thiophene, 67, 19 
theoretical and photoelecton studies, 
67,20 

reaction with sulfur, 67, 20 
Diels-Alder reactions, 67, 20 
3,3'-Bibenzo[b]thiophene, 67, 19 
from 3-iodobenzothiophene, 67, 19 
from 3-bromobenzothiophene, 67, 19 
reaction with sulfur, 67, 20 
Diels-Alder reactions, 67, 20 
dilithiation, 67, 20 

l.l'-Bibenzotriazoles, from o,o-azobenzene 
bisdiazonium salts with sufur dioxide, 

67,44 

l,2'-Bibenzotriazole, 67, 44 
2,2'-Bibenzoxazole, 67, 39 
reaction of o-aminophenol with imidates, 

67,40 
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reaction with lithium aluminium hydride, 
67, 40 

fluorescence and redox properties, 67, 40 
9,9'-Bicarbazole from oxidation of carbazole, 
67, 17 

by thermolysis of N, A"-azocarbazole, 
67,17 

X-ray structure, 67, 17 
spectroscopic studies, 67,17 
halogenation, 67,17 
photolysis, 67, 17 
thermolysis, 67, 17 
electropolymerisation, 67,17 
2,2'-Bicinchonic acid, decarboxylation to 
2,2'-biquinoline, 67, 53 
3,3'-Bicinnoline, 67, 64 
4,4'-Bicinnoline, 67, 65 
spectra, 67, 65 

Bicyclic ethers, formation, 69, 61 
Bicyclic oligosulfides of 2,5- 

diketopiperazines, loss of sulfur, 65, 80 
Bicyclo[l,l,0]butanes, via intramolecular 
cyclopropanation reactions, 65, 213 
Bicyclo-W-methylatalaphylline, 70,124 
2,2'-Bi(l,3-dithiolylidene), see 
tetrathiafulvalenes 
Biemnadin, 70, 96,116 
Bifonazole, 67, 5 

Bifurans, theoretical studies, 67, 9 
2,2'-Bifuran, 67, 8 

preparation by decarboxylation of 3- 
carboxy analog, 67, 8 
preparation from furan by coupling with 
palladium acetate, 67, 8 
preparation via 2-lithio or2-chloromercury 
derivatives, 67, 8 

preparation via coupling of 2-halofurans, 
67,8 

from furfural using benzotriazole 
chemistry, 67, 8 
spectroscopic studies, 67, 9 
reactions, 67, 9 
Vilsmeier formylation, 67,10 
2,3'-Bifuran, 67, 9 
3,3'-Bifuran, 67, 9 

preparation from 3-bromofuran and low- 
valent nickel compounds, 67,9 
from furanylboroxines, 67, 9 
Biheterocycles as chelating agents, 67, 2 
as binucleating ligands, 67, 2 


in molecular hosts, 67,3 
in construction of catenanes, rotoxanes and 
dendrimers, 67, 3 

synthesis by low valent transition metal- 
catalysed homocoupling reactions, 

67, 3 

synthesis of unsymmetrical isomers by 
palladium catalysed cross-coupling 
reactions, 67, 3 

2,2'-Biimidazole, from ammonia on glyoxal, 
67, 28 

by oxidation of V-protected 
biimidazolines, 67, 29 
X-ray structure, 67, 29 
reactions, 67, 30 
halogenations, 67, 30 
sulfonations, 67, 30 
as a chelating agent, 67, 31 
double deprotonation to dianion, 

67,31 

A w '-Bi-3tf-indazole, 67, 27 
2,2'-Biindazole, 67, 26 
3,3'-Biindazole, 67, 27 
lead tetraacetate oxidation, 67, 27 
Biindoles-preparation by permanganate 
oxidation of indoles, 67,13 
preparation by reduction of 1- 
hydroxyindoles, 67,13 
2,2'-Biindole, 67,13 
preparation by double intramolecular 
Wittig reaction, 67,14 
preparation by Stifle coupling, 67,14 
naturally occuring, 67,14 
reaction with dienophiles, 67,16 
Michael reactions, 67,16 
2,3'-Biindole, 67, 14 
by reduction of 3-hydroxy-2,3'-biindole, 
67, 14 

catalytic hydrogenation of 2,3-dihydro- 
2,3'-biindole, 67, 14 
by Stifle coupling, 67, 14 
by Fischer cyclisation of 3-acetylindole, 

67, 14 

by dehalogenation of 2'-chloro-2,3'- 
biindole, 67, 14 

by reaction of indole and 3-bromoindole, 
67, 15 

nitrosation reactions, 67, 16 
formylation, 67, 16 
methylation, 67, 16 
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reaction with hydroxyindole, 67,16 
electropolymerisation, 67,16 
3,3'-Biindole, 67, 15 

preparation from indole and indoxyl, 67,15 
by sulfuration of oxindole, 67,15 
by deselenation of 3,3'-diindolyl selenide, 
67, 15 

from dinitrostyrene, 67,15 
by coupling of a radical anion, 67,15 
by reduction of reaction product of indole 
and isatin, 67, 15 

acid catalysed rearrangement, 67,16 
oxidation, 67,16 
electropolymerisation, 67,16 
l,l'-Biisoquinoline, 67, 56 
nitration, 67, 57 
atropisomerism, 67, 57 
A'./V'-diquaternisation, 67, 57 
metal complexes and chirality, 67, 57 
3,3'-Biisoquinoline, 67, 56 
metal complexes, 67, 57 
molecular orbital calculations and 
luminescence studies, 67, 57 
4,4'-Biisoquinoline, 67, 56 
X-ray structure of 1,1',3,3'- 

tetrakis(dimethylamino) derivative, 
67,57 

atropisomerism, 67, 57 
3,3'-Biisoxazole, from dichloroglyoxime and 
acetylenic Grignard reagents, 67, 23 
X-ray structure, 67, 25 
bromination and nitration, 67, 25 
3,4'-Biisoxazole, by reaction of ethynyl 
magnesium bromide with isoxazole 
hydroximic chloride, 67,24 
3,5'-Biisoxazole, by reaction of ethynyl 
magnesium bromide with isoxazole 
hydroximic chloride, 67, 24 
X-ray structure, 67, 25 
5,5'-Biisoxazole, 67, 24 
X-ray structure, 67, 25 
base catalysed ring opening, 67, 25 
Biolumazine, 70, 275 
Biopterin, see-2-amino-6-(L-erythro-l ',2'- 
dihydroxypropyl)-4-oxo(3W)pteridine 
3,3'-Bi-l,2,4-oxadiazole, 67, 45 
molecular orbital calculations, 67,46 
4,5'-Bioxazole, synthesis via Schollkopf 
procedure, 67, 32 

5,5'-Bioxazole, synthesis via Schollkopf 
procedure, 67, 32 


2,2'-Bioxazoline, 67, 31 
6,6'-Biphenanthridine, 67, 58 
Biphenylene, 65, 74 
Biphenylyl ditelluride, 64, 326 
Biphosphines, via reaction of 1,2- 
bis(phosphino)ethane with seven 
membered cyclic sulfates, 68, 163 
A 44 -Bi-4//-pyrans, 65, 314 
2,2'-Bipyrazine-from pyrolysis of Cu(II) salt 
of 2-pyrazine carboxylate, 62, 397 
Bipyrazine, 67, 63 
spectra, 67, 64 
chelating activity, 67, 64 
physical properties, 67, 64 
l,l'-Bipyrazole, 67, 21 
MNDO calculations, 67, 22 
1,3' (5' )-Bipyrazole, 67, 21 
/Valkylations, 67, 23 
3,3'-Bipyrazole-from diacetylene with 
diazomethane, 67, 21 
bromination, 67,23 
formylation, 67, 23 
4,4'-Bipyrazole, from hydrazine and 
tetraaldehydes, 67, 22 
3,3'-Bipyridazine, 67, 59 
chelating agent, 67, 59 
X-ray structure of nickel and iron 
complexes, 67, 60 

spectra and physical properties, 67, 60 
N-oxidation, 67, 60 

4,4'-Bipyridazines, as precursors to 3,3'- 
bipyrroles, 67, 6 
2,2'-Bipyridine, 67, 2; 67, 50 
low temperature X-ray crystal structure, 
67,51 

complexes with metals, 67, 51 
incorporation into homochiral structures 
for use in chiral auxiliaries, 67, 51 
2,3'-Bipyridine, 67, 50 
2,2'-Bipyridyl, preparation via Ullman 
reaction, 62, 393 

2,3'-Bipyridyl-from 2-chloropyridine and 3- 
iodopyridine, 62, 394 
2,2'-Bipyrimidinc, 67, 60 
from 2-bromopyrimidine and copper (1), 
62,397 

structure and conformation, 67, 62 
spectra and physical properties, 67, 62 
metal complexes, 67, 63 
oxidation and quaternisation, 67, 63 
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4,4'-Bipyrimidine, 67, 61 
from pyrolysis of Cu(II) salt of 4- 
pyrimidine carboxylate, 62, 397 
from homocoupling of 4-iodopyrimidines, 
62, 311 

X-ray structure, 67, 62 
4,5'-Bipyrimidine, 67, 61 
5,5'-Bipyrimidine, 67, 61 
Bipyrroles, 67, 2; 67, 4 
l,l'-Bipyrrole, preparation by reduction of 
2,5-dichloro-analogue, 67, 4 
by condensation of 1,4-diketones with 
hydrazine, 67, 5 

by reaction of /V-aminopyrroles with 1,4- 
dicarbonyl compounds, 67, 5 
by reaction of V-pyrrolylsuccinimides with 
Wittig reagents, 67, 5 
conformations, 67, 6 
formylation, 67, 7 

2,2'-Bipyrrole, by catalytic reduction of 2-(2'- 
pyrrolidinyl)pyrrole, 67, 5 
by condensation of A 3 -pyrrolin-3-one with 
pyrrole, 67, 5 

by oxidation of 1-aroylpyrroles by 
palladium acetate, 67, 5 
conformations by theory and spectroscopic 
measurements, 67, 7 
reaction with pyrrolyl aldehydes, 67, 7 
reaction with triethyl orthoformate, 

67,7 

alkylation of dianion, 67, 7 
formylation, 67, 7 
2,3'-Bipyrroles, 67, 6 

theoretical studies of conformations, 67, 7 
3,3'-Bipyrroles, 67, 6 

theoretical studies of conformations, 67, 7 
2,2'-Biquinazoline, 67, 66 
X-ray structure, 67, 67 
spectra, 67, 67 
4,4'-Biquinazoline, 67, 67 
spectra, 67, 67 
oxidation, 67, 67 
2,2'-Biquinoline, 67, 52 
preparation by homocoupling reactions of 
haloquinolines, 67, 52 
preparation by oxidative coupling of 
quinolines, 67, 52 
X-ray structure, 67, 54 
spectra and theoretical studies, 67, 54 
physical measurements, 67, 54 


reactions as a chelating agent, 67, 54 
oxidations, 67, 55 
2,3'-Biquinoline, 67, 53 
by reaction of quinoline and sodium metal, 
67,53 

X-ray structure, 67, 54 
theoretical studies, 67, 54 
oxidations, 67, 55 
2,4'-Biquinoline, 67, 53 
spectra, 67, 54 
3,3'-Biquinoline, 67, 53 
spectra, 67, 54 
3,4'-Biquinoline, 67, 53 
4,4'-Biquinoline, 67, 54 
2,2’-Biquinoxaline, 67, 67 
spectra and physical properties, 67, 68 
reactions, 67, 68 

1.2- Bis(alditol-l-ylidene-amino)benzenes, 

70, 184 

Bis(alkylseleno)tetrathiafulvalenes, 62, 269 
Bis(alkylthio)diselenadithiafulvalenes, 62, 
269, 62, 280 

Bis(aminothiazoles), 69, 286 
Bis(benzimidazol-2-yl) acyclo C-nucleosides, 
70, 185 

Bis-(l,3-benzothiazin-4-ones), 66, 140 
N, W-Bis(2'-carboxyphenyl)-l ,3- 
diaminobenzene, conversion to 
quino[3,2-6]acridone, 70, 99 
2,4-Bis(dialkylamino)pyrylium salts, from 
enaminones, 67, 267 
Bis-2,6-diaryl-4-bipyranylidene, 65, 314 
l,8-Bis(diazoacetyl)octane, reaction with 
dodecane-l,12-diol, 65, 198 

1.3- Bis(dimethylamino)vinylcarbene, 

addition to benzaldehyde, 65,151 
Bis-2,6-dimethyl-4-bipyranylidene, 65, 317 
4,4'-Bis(ethoxycarbonyl)-5,5'-bithiazole, 

67, 35 

2.2- Bis-ethoxycarbonyl-2//-pyran, 62, 49 
Bis(ethylenediseleno)tetrathiafulvalenes, 62, 

282 

Bisglucosylcarbodiimides, 64, 181 
Bisglucosylureas, 64,181 
Bis(a-hydroxyalkyl)phosphines, conversion 
to cyclic compounds, 61, 85 
conversion to 1,3,2,5- 

dioxaboraphosphorinanes, 61, 93 

2.2- Bisimidazole, synthesis via glyoxal 

sulfate, 68 , 156 
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1.1- Bis(3-indolyl)ethenes, Diels-Alder 

reaction, 63 , 358 

reaction with maleic anhydride, 63 , 362 
5,5 '-Bis(6-methylimidazo[2,l -b] 
thiazolyl)selenide, 69 , 296 
Bisoxazoles, 65 , 180 
by oxidation of dipeptides, 69 , 38 
Bis{4-oxobenzo[d]oxazin -2-yl} acyclo C- 
nucleoside, 70 , 295 

1.1- Bisphenols, oxidation, 69, 25 
5-(Bisphenoxyphosphoryl)oxy-4- 

pentanolactone, 69 , 27 
Bis[2-(3'-propen-2'-al-l')phenyl]ditelluride, 
63 , 26 

Bis[2-(3'-propen-2'-methyl-l 
al)phenyl]ditelluride, 63 , 27 
Bis-4//-pyrans, 62 , 53 62 , 58 
Bis(2-pyridyl)acetylene, 62 , 314 
l,9-Bis(2-pyrrolyl)pyrromethene, 67 , 7 
Bis(quinoxalotropone), spectra, 66, 319 

4.4- Bis(tellurachromanylidene), 63 , 22 
9,9'-Bis(telluraxanthenyl), 63 , 41,45 
Bis(l,3-thiazin-4-one), 66, 133 
Bisthienotropylium ions, [ H NMR spectra, 

66, 314 

aromaticity, 66, 320 
reduction and transannular cyclisation, 
66,378 

electron density and molecular orbital 
calculations, 66, 379 

1.1- Bis(2-thienyl)ethanol, reaction with 

tetracyanoethylene, 63 , 379 
reaction as 4?r-electron system, 63 , 386 
Bis-1,2,4-triazole, 64 , 200 
Bis(2,4,6-trichlorophenyl)malonates, in 
synthesis of pyrido[l,2-a]pyrimidin-4- 
ones, 63 , 138 

5,5'-Bis(trifluoromethyl)-2,2'-bi-l,3,4- 

oxadiazole, Diels-Alder reactions 67, 47 

3.5- Bis(trifluoromethyl)-2-chloropyridine, 

homocoupling with Zn-Ni, 62, 409 
Bis(trifluoromethyl)mercury, adds 

trifluoromethyl groups to heterocycles, 
62, 395 

Bis(trimethylsilyl)-5-benzyluracil, reaction 
with 2-acetoxyethyl acetoxymethyl 
ether, 69, 134 

2,4-Bis(trimethylsilyloxo)thieno[3,2-d] 
pyrimidine-2,4-diones, alkylation, 66, 
250 


2,6-Bis-trimethylsilyloxy-4//-pyran, 62, 67 
conversion to pyran-2,6-diones, 62 , 95 

2.4- Bis(trimethylsilyloxy)thymine-Pd(0) 

catalysed allylation, 66, 127 

2.4- Bis(trimethylsilyl)pseudouridine, 

methylation, 68, 360 
Bis(trimethylsilyl)thymine, condensation 
with dioxolanes, 69 , 147 
Bistropolofurans, 0,0'-bismethyl or 0,0'- 
bisacetyl derivatives, 66, 344 
Bistroponyls, from furo and pyrrolotropones, 

66, 368 

Bis(vinylthio)tetrathiafulvalenes, 62 , 270 
l,5'-Bitetrazole, 67 , 48 
5,5'-Bitetrazole, synthesis, 67 , 48 
X-ray structure, 67 , 48 
pK a and pK b values, 67 , 49 
heat of formation, 67 , 49 
spectra, 67 , 49 
reactions, 67 , 49 
coordination chemistry, 67 , 49 
4,4'-Bi-l,2,5-thiadiazole-3,3'-dicarboxylate, 

67, 47 

2,2'-Bi-l,3,4-thiadiazoles, 67 , 47 
ruthenium complex of dimethyl derivative- 
X-ray structure, 67 , 47 
2,2'-Bithiazole, formation by Ullmann cross 
coupling, 67 , 33 
solid state structure, 67 , 36 
spectra, 67 , 36 
dimethylation, 67 , 36 
halogenation of derivatives, 67 , 36 
metal complexes, 67 , 36 
spectra of ruthenium complexes, 67 , 37 
2,4’-Bithiazole, from Hantzsch reaction, 

67, 34 

as analogs of bleomycin, 67 , 35 
2,5'-Bithiazole, 67 , 35 
by the Stille reaction, 67 , 35 
solid state structure, 67 , 36 
4,4'-Bithiazole, 67 , 35 
by reaction of mercuric oxide with the 2,2'- 
dihydrazino derivative, 67 , 35 
solid state structure, 67 , 36 
metal complexes, 67 , 36 
4,5'-Bithiazole, 67 , 35 
5,5'-Bithiazole, 67 , 35 
solid state structure, 67 , 36 
2,2'-Bithiazole-4,4'-dicarboxylic acid, 
alkaline decomposition product of 
cystine, 67 , 34 
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Bithiazoline, oxidation to bithiazoles, 67, 34 
Bithiophenes, 67, 2 
2,2'-Bithiophene, 67, 10 
by nickel mediated homo-coupling 
reactions, 67, 10 
X-ray structure, 67, 11 
theoretical studies of conformations, 67,12 
spectroscopy, 67, 12 
reactions, 67, 12 
halogenation, 67, 12 
formylation, 67,12 
Friedel-Crafts acylations, 67,12 
alkylation, 67, 12 
dimerisation, 67, 12 
Birch reduction, 67, 12 
conversion to S-C-ylids, 67,12 
3,3'-Bi-l,2,4-triazine, 67, 69 
5,5'-Bi-l,2,4-triazine, 67, 69 
1,4’-Bi-1,2,4-triazole, 67, 42 
3,4'-Bi-l,2,4-triazole, 67, 42 
X-ray structure and tautomerism, 67, 43 
4,4'-Bi-l,2,4-triazole, 67, 43 
methyl substituted derivatives, 67, 43 
conformation, 67, 43 
metal complexes and structure 
determination, 67, 43 
quaternisation, 67, 44 
4,4'-Bi-l,2,3-triazole, 67, 41 
5,5'-Bi-l,2,4-triazole, 67, 42 
molybdenum carbonyl complexes, 67, 43 
methylation, 67, 44 

3,3'-Bitropolonyls-dehydrative cyclisation, 
64,118 

Bleomycin A 2 -syntheses, 67, 34 
A'-Boc-L-allylglycine, conversion to 
detoxinine, 64, 11 

Bohlmann bands in spectra of cis and trans- 
perhy dropyrido[ 1,2-c] [1,3]oxazines, 

70,8 

l,4-Boraphosphacyclohexa-2,5-dienes, 61,120 
1 -Borata-2,6,7-trioxa-4- 

phosphabicyclo[2,2,2]octane, 61, 88 
Boroxazolidones, 64, 27 
Boryloxyalkyl(imidoyl)phosphines, from a- 
hydroxyalkylphosphines, 61,90 
Boryloxyalkylphosphines, reaction with S 
and Se, 61, 104 

reaction with electrophiles, 61, 104 
reaction with bipolar reagents, 61,107 
reaction with nucleophiles, 61, 110 


Boryloxyphenylenephosphines, 61, 124 
1,2-Borylphosphinoethenes-synthesis, 61,120 
reactions, 61, 121 
spectral properties, 61,121 
4+2 cycloadditions, 61, 122 
(3-Borylpropenoyl)oxazolidin-2-ones, Diels- 
Alder reactions, 69, 372 

4-Bromoacetoacetic acid, reaction with 
pyridazinones, 69, 154 

3- (Bromoacetyl)tropolone, reaction with 

thiophenol, 64, 105 

2-Bromoadenosine, coupling with 
trialkylaluminiums, 62, 372 

2-Bromo-2-(alditol-l-yl)pyridine, 

displacement of bromine, 68, 351 

4- Bromo-3-(2-aminophenyl)thiomethyl-3- 

pyrazolin-5-ones, 63, 76 

5- Bromo-6-arylimidazo[2,l-6]thiazoles, 69, 

291 

2-Bromobenzofuran, nickel mediated 
homocoupling, 67,18 

2- Bromobenzothiophene, homocoupling to 

2,2'-bibenzothiophene, 67, 19 

3- Bromobenzothiophene, metal halogen 

exchange and coupling to 3,3'- 
bibenzo[b]thiophene, 67,19 
10-Bromobenzo[h]tropoxazine, 64, 89 

5-(4-Bromobenzoyl)-6-[3- 

(methylamino)propyl]imidazo[2,l-h] 
thiazole, synthesis, 69, 289 
S-(p-Bromobenzyl)thiotropocin, X-ray 
diffraction, 66, 287 

5- Bromo-2-chloropyrimidine, coupling with 

stannanes, 62, 332, 62, 352 
7-Bromo-6-chlorothieno[3,2-d]pyrimidin- 
4(3W)one, 66, 252 

6- Bromo-2//-chromene, synthesis, 69, 50 

3-Bromochromone-reaction with active 

methylenes, 65, 303 

5- Bromo-2-(cinnamyloxy)pyrimidine, Pd(0) 

catalysed rearrangement, 66, 103 
3-Bromodnnoline, coupling with alkynes, 
62, 318 

3- Bromocoumarin, reaction with Grignard 

reagents, 65, 298 

4- Bromocoumarin, cross coupling with 

organoboranes, 65, 305 

4-Bromo-l'-cyano-l,4'-biisoquinoline, 67, 56 

6- Bromo-6-cyclohex-5-enofuranoses, 

condensation with hydroxylamine, 68, 

292 




CUMULATIVE SUBJECT INDEX, VOLUMES 61-70 


399 


1- Bromo-l-deoxy-D-ga/acfo-heptulose, 70, 

191 

1 -Bromo-1 -deoxy-D-ga/ncfo-heptulose 
pentaacetate, 70, 305 

2- exo-Bromo-7,7-dichloro-3-endo- 

hydroxybicyclo[3,2,0]hepta/V6-one, ring 
chain tautomerism, 64, 269 

5- Bromo-2,4-dichloropyrimidines, coupling 

with stannanes, 62, 333 
franr-Bromodihydropyrans, 65, 289 

1- Brorao-3,4-dimethoxybenzene, in synthesis 

of nitidine, 67, 350 

6- Bromo-2,2-dimethyl-7-methoxychromene, 

in preparation of acronycine, 70,133 

2- Brorao-5,6-dimethylthieno[2,3-d] 

pyrimidin-4(2//)-one, 66, 225 

5- Brorao-l,3-dimethyluracil, reaction with 

dibenzylketones, 69, 395 

6- Bromo-2-ethylthieno[2,3-c]acridine, 70, 

142 

3- (4-Bromo-2-fluorobenzyl)benzothieno 

[3,2-d]pyrimidine-2(l//),4(3tf)-diones, 

66, 236 

3-(4-Bromo-2-fluorobenzyl)thieno[3,4-d] 
pyrimidine-2(l/7)-4(3//)-dione, 66, 256 
9-Bromofurobenzotropone, displacement by 
trifluoromethyl group, 66, 347 
5-Bromofurotropone, reaction with 
isopropylamine, 66, 346 
5-Bromo-6-hydroxycyclohepta[f>]pyrid-7- 
one, 66, 334 

2-Bromo-3-hydroxy-l,4-naphthoquinone, 
reaction with 2-mercaptotriazoles, 69, 
320 

2-(5-Bromo-2- 

hydroxyphenyl)benzothiazoline, ring 
chain tautomerism, 66,43 
2-Bromo-3-hydroxypyridine, conversion to 
furo[3,2-h]pyridines, 62, 319 

2- Bromoimidazoles, Ullmann couplings, 

67, 29 

4(5)-Bromoimidazole, Pd(0) catalysed 
allylation, 66, 91 

5-Bromoimidazo[2,l-Z>][l,3,4]thiadiazoles, 

69, 309 

3- Bromoindole, reaction with indole, 67,15 
1-Bromoisoquinoline, coupling with alkynes, 

62, 315 

3-Bromoisoquinoline, Ullmann coupling 
reactions, 67, 56 


4- Bromoisoquinoline, homocoupling to 4,4'- 

biisoquinoline, 67, 56 
coupling with 4-diethylborylisoquinoline, 
67, 56 

Ni catalysed coupling with Grignard 
reagents, 62, 390 

3-Bromoisoquinolin-4-ol, coupling with Ni 
catalyst, 62, 407 
2-Bromoleptoclinidone, 70, 96 
synthesis, 70, 120 

5- Bromo-6-methoxy-5,6-dihydro-2//-pyran, 

62, 63 

2- Bromo-3-methoxypyridine, coupling 

reactions with Zn-Ni or Pd-C, 62, 407 

3- Bromomethylbenzo[</]isoxazole-reaction 

with benzene diazonium chloride, 63,292 

6- Bromomethyl-5,6-dihydro-2,4- 

dimethylthieno[2,3-d]pyrimidine, 66,218 

1- Bromomethyl-2,3-dihydro-l//-pyrido 

[l,2-c][l,3]oxazinium bromide. 70, 53 
6-Bromomethyl-5-methylthieno[2,3-d] 
pyrimidin-2,4-dione, 66, 225 

4- Bromomethyl-2-methylthieno[2,3-d] 

pyrimidine, 66, 228 

2- Bromo-2-methylpropanamides, reaction 

with enaminones, 67, 249 
2-Bromo-3-methylpyrrolo[f)]tropolone, 66, 
332 

6- Bromo-8-oxobenzo[h]tropoxazine, 64, 89 
8-Bromo-6-oxobenzo[hjtropoxazine, 64, 89 
l-(3-Bromo-2-oxopropyl)pyridazin-6-one, in 

synthesis of acyclonucleosides, 69,181 
1-Bromo-l-phenylaziridine, reaction with 
V,V’-dimethylethylenediamine, 65,176 

7- Bromo-3-(l-phenylhydrazono-2,3,4- 

trihydroxybutyl)pyrido[2,3-t>]pyrazin-2- 
one, 70, 284 
cis-lAa-H-l-(p- 

Bromophenyl)perhydropyrido[l,2-c] 

[1.3] oxazine, absolute configuration, 

70,18 

1- (4-Bromophenyl)perhydropyrido[l ,2-fc] 

[1.3] thiazine. X-ray structure, 70, 21 

8- Bromopurine, coupling with 

trialkylaluminiums, 62, 372 
Bromopyridines, coupling to styrene in 
presence of Pd(II), 62, 307 

2- Bromopyridine coupling to alkynes, 62,314 
coupling with alkenylaluminiums, 62, 371 
dimerisation, 62, 393 
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coupling with Zn/Ni(II)-phosphine 
complexes, 62, 406 

2- Bromopyridin-3-ols, coupling with Ni 

catalysts, 62, 407 

7-Bromopyrido[ 1,2-hJcinnolinium-l 1-olate, 
X-ray crystallography, 69, 96 

3- Bromo-4//-pyrido[l ,2-a]pyrimidin-4-one, 

63, 189 

3-Bromopyrimidine, coupling with alkynes, 
62, 315 

5-Bromopyrimidine, boronylation reactions, 
62, 368 

coupling to styrene, ethyl acrylate and 
acetonitrile, 62, 308 
coupling to stannanes, 62, 332 
5-Bromopyrimidin-2-one, Pd(0) catalysed 
allylation, 66,103 

3-Bromo-2-pyrone, Diels-Alder reactions, 
65, 340 

2- Bromoquinoline, coupling with alkynes, 

62, 315 

3- Bromoquinoline, 65,131 
coupling with alkynes, 62, 318 
coupling to styrene and ethyl acrylate, 

62, 307 

4- Bromoquinoline, coupling to styrene and 

ethyl acrylate, 62, 307 
Bromospirofuraneoxabicyclooctenone, 65, 
340 

3-Bromo-substituted aliphatic acids, reaction 
with thiourea to l,3-thiazin-4-ones, 66, 
151 

2- Bromotellurenylacetophenone, reaction 

with dimethylformamide dialkylacetals, 

63, 21 

9-Bromo-6,7,8,9-tetrahydro-4//-pyrido[l,2-a] 
pyrimidin-4-ones, conformational 
analysis, 63,113 
reaction with thiols, 63, 224 
reaction with nucleophiles, 63, 223 
reaction with sodium azide, 63, 225 
reaction with amines, 63, 225 
reaction with N methylaniline, 63, 226 
reaction with potassium thiocyanate, 63, 
228 

Bromotetrathiafulvalene, 62, 285 

5- Bromouridine, boronylation reactions, 62, 

345 

3- Bromo-2-vinylthiophene, reaction with 4- 

phenyl-l,2,4-triazolin-3,5-dione, 63, 388 


(£)-5-(2-Bromovinyl)uracil, 69, 165 
Buckmasterfullerene Qo, reaction with 
carbenes, 65, 206 
/3-Bulncscnc, 65, 356 
Buntanbisamine, 70, 127 
Butanc-23-dione 

monothiobenzoylhydrazones, ring chain 
tautomerism, 66, 45 

Butane-2,3-dione phenylacetylhydrazones, 
ring chain tautomerism, 66, 45 

2- Butanoyl-3,6-dioxo-S-lactone, preparation, 

69,53 

3- Buten-l-ol, iodocyclization, 69, 13 
iV-(But-3-enoyl)thiourea, bromination to 2- 

amino-6-methylene-l,3-thiazin-4-ones, 
66,152 

2-f-Butoxycarbonyl-aminophenyltiphenyltin, 
in synthesis of amphimedine, 70 , 117 

5- f-B utoxycarbony l-3-hydroxy-4,5,6,7- 

tetrahydroisoxazolo[4,3-c]pyridine, 

66,84 

1- (tert-Butoxycarbonyl)-2-methoxy-3-(4- 

phenyl-3-butynyl)piperidines, 
cyclisation, 70 , 8 

6- f-Butoxycarbonyl-3-oxo-2,3,4,5,6,7- 

hexahydropyrazolo[3,4-c]pyridine, 

66,87 

2- Butoxy-2,3-dihydropyran-4-one, from 

diazomalonaldehyde, 65,157 

4- ferr-Butyl-2-aminomethyl-l-cyclohexanols, 

cyclisation with ethyl benzimidate, 69, 
374 

2-Butylbenzofuran, 65,141 
2-f-Butylbenzofuran, synthesis, 69,16 
(2R,3R)-t-Butyl-3-(N-benzoylamino)-2- 
methylbutanoate, in azetidinone 
synthesis, 64, 5 

N-t-Butyl-2-benzoylbenzamides, ring chain 
tautomerism, 64, 264 

l-Butyl-l-dibutylboryl-2-diethylphosphine- 
2-phenylethene, 61,122 
V-/-Butyl-2,2-dichloro-3-arylaziridine, 65, 99 
4-r-Butyldimethylsilyloxy-l- 

benzoisopyrylium triflates, reaction with 
dienes and enolethers, 65, 351 

4-r-Butyldimethylsilyloxy-l-benzopyrylium 
salts, reactions with 3-trimethylsilyl-l- 
butene, 65, 290 

6-r-Butyldimethylsilyloxy derivatives of 
tetrahydro-5/7-ch rome n, 62, 49 
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iV-f-Butyl-4-ethoxypyrrolidin-2-one, 65, 121 

2- f-Butylfuran, reaction with 

dichlorocarbene, 62, 67 

3- Butyl-2-hydroxy-47/-pyrido[l,2- 

a] pyrimidin-4-ones, 63, 137 
t-Butyl-4-imidazolecarbamate, HC1 

hydrolysis to 4(5)-aminoimidazole, 61, 9 
6-(-Butylimidazo[2,l-t]thiazole, 
thiocyanation 69, 292 

2-(er(-Butyl-8-methylperhydropyrido[l,2-c] 
pyrimidines, 'H NMR spectra and 
conformations, 70, 26 
6-t-Butyl-5-nitrosoimidazo[2,l-i>]thiazole, 

69, 292 

1- [V{2,2-bis(fm)-Butyloxycarbonyl)ethyl}- 

Al-methylamino]-5,6,7,8-tetrafluoro-4- 
oxoquinoline-3-carboxylates, 
cyclisation, 69,117 

2- ferf-ButyIperhydropyrido[l,2-c]pyrimidine, 

dipole moments, 70, 22 
'H NMR spectra and conformations, 70,25 
V-f-Butyl-4-phenylpyrrolidin-2-one, 65, 120 
cis-2,4-a, 8-//-2-Butyl-8- 

propylperhydropyrido[l,2- 

b] [ l,2]oxazine, conformation by NMR, 
69, 91 

2V-Butyl-4-A f -propyl-7-phenyloxepin, 65,160 
f-Butylpyridines from f-butyl Grignard and 
copper(I), 62, 396 

2-triV-Butylstannyloxy-5-chloropyrimidine, 
Pd(0) catalysed allylation, 66, 104 

2- f-Butyl-6,7,8,9-tetrahydro-4//-pyrido[l,2- 

a]pyrimidiV4-one, photorearrangement, 
63, 234 

l-f-Butyl-4-vinylpyrazole, reaction with 
diethyl azodicarboxylate, 63, 389 
reaction with dimethyl acetylene 
dicarboxylate, 63, 357 
l-t-Butyl-3-vinylpyrrole, cycloaddition, 63, 
346 

Diels-Alder reactions, 63, 360 

3- (3-Butynyl)-4-ethoxy-6,6- 

dimethyltetrahydro-l,3-thiazin-2-ones, 
cyclisation in formic acid, 70, 60 

3-(3-Butynyl)-4-ethoxy-6-phenyltetrahydro- 
l,3-thiazin-2-ones, cyclisation in formic 
acid, 70, 60 

5-(3-Butynylthio)-l,2,3-triazines, thermal 
cyclisation to thieno[2,3-d]pyrimidines, 
66, 219 


3-(3-Butynylthio)[l,2,4]triazin-5-ones, 
precursor to [l,2,4]triazino[3,2-/>][l,3]- 
thiazines, 61, 273 
Butyrolactones, 64, 15 
y-Butyrolactones, 65, 138 


C-AIR see 5-aminoimidazole-4-carboxylic 
acid ribonucleotide 
Calliactine, 70, 96,114 

1- (lo'-Campholenyl)-2,2-dichloro-3- 

arylaziridines, 65, 99 
Canthin-4,5-diones, 61, 178 
5-Carbamoyl-4-hydrazinocarbonyl-3-/3-o- 
ribofuranosylpyrazole, 70, 234 

2- Carbamoyl-6-(/8-D-ribofuranosyl)pyridine, 

biological activity, 68, 343 

3- Carbamoyl-5-(£-D-ribofuranosy!)pyridine, 

biological activity, 68, 345 

4- Carbamoyl-6-(j8-D-ribofuranosyl)pyridine, 

biological activity, 68, 343 
5'-0-Carbamoyltiazofurin, 68, 309 
Carbanucleotides, via Tsuji-Trost reaction, 
66,74 

Carbapenams, 65, 57 

Carbashowdomycin, synthesis and biological 
activity 68, 251 

Carbenes, production of nitrile ylides from 
nitriles, 65, 114 

2- (/3-Carbethoxyvinyl)furan, Diels-Alder 

reaction with methyl acrylate, 63, 371 

3- Carboalkoxy-2-pyrones, reaction with vinyl 

ethers under pressure, 65, 333 
Carbo-f-butoxyhydrazones, in synthesis of 5- 
substituted-l,3,4-oxadiazolin-2-ones, 
69,42 

Carbocyclic pyrazofurins, preparation and 
biological activity, 68, 270 
2-Carboethoxy l,3-thiazin-4-one, 66, 140 
l-Carboethoxy-2-(T-trimethylsilyloxyethen- 
l-yl)pyrrole-cycloaddition, 63, 347 
reaction with V-phenylmaleimide, 63, 360 
/V-Carbomethoxy-tyrosine, spirolactone 
formation, 64, 16 

2',3'-0-Carbonyloxazinomycin, antileukemic 
activity, 68, 386 
(-)-Carbovir, 66, 120 

4- Carboxamido-2-a-L- 

arabinopyranosylthiazole, 68, 309 
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5-Carboxamido-4-hydroxy-3(/3-D- 
ribofuranosyl)pyrazole, 68, 260 
isolation from culture filtrates of 
Streptomyces candidus, 68, 259 
X-ray analysis, 68, 260 
antifungal activity, 68, 261 
synthesis, 68, 262 

5- Carboxamido-4-hydroxy-3-(a-D- 

ribofuranosyl)pyrazole, 68, 226 
isolation from culture filtrates of 
Streptomyces candidus, 68, 260 

4- Carboxamido-iV 3 -oxide-thiazol-2-yl C- 

nucleosides, 68, 310 

6- Carboxamido-2-oxocapronic acid, ring 

chain tautomerism, 64,291 

5- Carboxamido-2-oxovaleric acid, ring chain 

tautomerism, 64, 290 

2- Carboxamidoquinolin-4-yl C-nucleoside, 

70, 205 

4- Carboxamido-3-(/3-D- 

ribofuranosyl)isothiazole, synthesis, 68, 
306 

5- Carboxamido-3-(/3-D- 

ribofuranosyl)isothiazole, synthesis, 68, 
306 

4-Carboxamido-2-/3-ribofuranosyloxazole, 
synthesis, 68, 298 
biological activity, 68, 299 
4-Carboxamido-2-/3-D-ribofuranosylthiazole, 
68, 298 

synthesis and biological activity, 68, 307 
X-ray structure and computational 
analysis, 68, 311 
antiviral activity, 68, 311 

3- Carboxamido-l-(/3-D-ribofuranosyl)-l,2,4- 

triazole, 68, 324 

3- Carboxamido-5-(/3-D-ribofuranosyl)-l, 2,4- 

triazole, 68, 324 

4- Carboxamidothiazol-2-yl-C-nucleosides, 

68, 310 

antitumour activity, 68, 311 

5- Carboxamidothiazol-2-yl-C-nucleosides, 

68, 310 

4-(4-Carboxamidothiazol-2-yl)thiazol-2-yl- 
C-nucleosides, 68, 310 

4-Carboxamido-2-/3-D-xylofuranosylthiazolc, 
68, 309 

4-Carboxamido-2-/3-D- 

xylopyranosylthiazole, 68, 309 
o-Carboxyalkyltetrathiafulvalenes, amide 
formation, 62, 259 


4-Carboxyglycinamidothiazol-2-yl-C- 
nucleosides, 68, 310 

2-Carboxy-3-methoxycarbonyl-5-(D-ara6mo- 
tetritol-l-yl)pyrrole, 70, 277 

2- [(Carboxy)methoxy]-3-formylpyrido[l ,2-u] 

pyrimidin-4-one cyclisation, 63, 200 

1- Carboxymethyl-l-formylcyclobutane, ring 

chain tautomerism, 64, 258 
4-Carboxy-l,3-oxazoles, 65, 179 
o-Carboxyphenyldialkylamines, oxidative 
cyclisation, 65, 32 

3- Carboxy-2-(2'-phenylethyl)pyridine-V- 

oxide, cyclisation, 64,127 
(Z)-3-(o-Carboxystyryl)thiophene, 
cyclisation, 64, 97 

3- Carboxytropolones, condensation with 

hydrazides, 64, 105 
Carpetimycins, 65,108 
Castanospermine, synthesis via reduction of 
cyclic sulfates with sodium borohydride, 
68,165 

Cephalosporin V, oxidation of esters, 69, 76 
Chelerythrine, synthesis, 67, 358; 67, 364; 

67, 345 

biological activity, 67, 347 
Chelilutine, 67, 353 
synthesis, 67, 365 
Chelirubine, 67, 353 

Chinoin-150 see 3-ethyl-2,6-dimethyl-477- 
pyrido[l ,2-a]pyrimidin-4-one 
Chiral Mn(III)salen, see 

[bis(salicylidene)ethylenediamine] 
manganese(III) complex 
N-Chloroacetyl-D,L-m-tyrosine, cyclisation, 
64, 53 

9-Chloroacridine, reductive coupling to 9,9'- 
biacridine, 67, 58 

4- Chloro-5-acylpyrimidines, reaction with 

thioglycolic acid, 65, 238 
V-(o-Chloroalkyl)indoles, 65, 32 

2- (Chloroalkylsulfinyl)tropone, thermolysis, 

64, 100 

2-Chloroalkylthiotropone, rearrangement to 
thienotropone, 64, 99 

N-(2-Chloroallyl)-enaminones, electrophilic 
cyclisation, 67, 246 

2-Chloro-4-arylthieno[2,3-d]pyrimidines, 
chloride displacement by nucleophiles, 
66,221 

7-Chloroazepin-2-ones, 64, 225 



CUMULATIVE SUBJECT INDEX, VOLUMES 61-70 


403 


3- Chloro-l,2-benzisothiazole, zinc reduction, 

67,28 

2-Chlorobenzoic acid, reaction with 
phenylenediamine, 70, 93 
in preparation of hallacridone, 70,149 

2-Chlorobenzonitrile, reaction with 2- 
lithiomethylquinoline, 68, 213 

6- Chlorobenzo[c]phenanthridines, synthesis, 

67, 359 

synthesis of analogs, 67, 360 

7- Chlorobenzo[6][l,8]phenanthroline, 70, 

109 

7-Chlorobenzo[6][l,8]phenanthrolin- 
7(12J/)-one, DNA binding, 70, 110 

2-Chlorobenzo-l,3-thiazin-4-one, 66, 144 
reaction with active methylenes, 66,180 

2-Chlorobenzo[6]thiepin, loss of sulfur, 65,48 

2- Chloro-2,4'-bithiazole, reduction, 67, 34 
by-product of diazotisation of 2- 

aminothiazole, 67, 34 

l-Chlorobut-l-en-3-one, enaminone 
formation, 67, 232 

(E)-5-(4-Chlorobut-2-en-l-yloxy)tropolone, 
rearrangement to furotropolones, 64, 99 
(E)-2-(4-Chlorobut-2-en-l-yloxy)tropolone, 
rearrangement to furotropolones, 64,99 

4- Chlorocinnoline, Busch coupling, 67, 65 

3- Chlorocoumarin, reaction with Grignard 

reagents, 65, 298 

reaction with lithium dimethylcuprate, 

65, 298 

Chlorocoumarin, reaction with methyl 
magnesium iodide, 65, 296 

4- Chloro-3-coumarincarbaldehydes, 65,309 

3- Chloro-4-cyanopyridazine, coupling with 

alkynes, 62, 320 

2'-Chloro-2'-deoxypseudouridine, 68, 369 
5'-Chloro-5'-deoxyformycin B, 70, 244 

1- Chloro-17/-2,3-dialkylphirenes, 65, 170 

4- Chloro-2-dichloromethylthieno[2,3-d] 

pyrimidines, 66, 205 

5'-Chloro-2',5'-dideoxyformycin, 70, 244 
5'-Chloro-3',5'-dideoxyformycin, 70, 244 
Chlorodifluoropyridines, synthesis, 67, 271 

3- Chloro-3,4-dihydro-2,4-diphenyl-2//-l- 

benzopyran-2-ol, 65, 298 

2- Chloro-4,5-dihydro-l,3-oxazin-6-yl acyclo 

C-nucleosides, 68, 387 

4- Chloro-6,7-dihydro-5i/-pyrimido[5,4-d] 

[ljbenzazepine, 64, 61 


2-Chloro-6,7-dihydro-47/-pyrimido[6,l-a] 
isoquinoIine-4-ones, 70, 62 
substitution of chloro atom, 70, 44 
2-Chloro-2,3-dihydro-5,6-thiazin-4-ones, 66, 
149 

2-Chloro-3,4-dihydrothieno[2,3-d] 
pyrimidines, 65, 260, 66, 220 
alkylation, 66, 222 
2-Chloro-3,4-dihydrothieno[3,2-d] 
pyrimidines, 66, 248 
2-Chloro-3,4-dihydrothieno [3,4 -d] 
pyrimidines, 65, 265, 66, 267 
reactions with nucleophiles, 65, 265 
V-alkylation, 66, 268 
4-Chloro-2,6-dimethyl-5-iodopyrimidine, 
coupling with stannanes, 62, 335 
4-Chloro-2,6-dimethyl-5- 

phenylethynylpyrimidine, reaction with 
sodium hydrosulfide, 66, 213 

2- Chloro-3,6-dimethylpyrazin-4-oxide, 

coupling with alkenes, 62, 313 
6-Chloro-l,3-dimethylpyrroio[c]tropylium 
ion, reaction with A'-silylamines and S- 
silylmercaptans, 66, 384 

3- Chloro-2,4-dimethylquinoline, 65,132 
6-Chloro-3-ethoxycarbonylcoumarin, 

reaction with active methylenes, 65, 300 

4- Chloro-6-ethoxy-5-nitropyrimidines, 

preparation of acyclonucleosides, 69,179 
2-Chloro-2-ethoxy-4/f-pyrido[l,2-a] 
pyrimidin-4-one, 63,153 
2-Chloroethylchloromethylether, reaction 
with 6-benzoyladenine, 69,144 

2- Chloroethyl chlorosulfite, synthesis from 

ethylene sulfite, 68, 145 

1- (2-Chloroethyl)-3-(2,4- 

dimethoxyphenylmethyl)thieno[3,4d] 
pyrimidin-2,4-dione, 66, 268 

3- (2-Chloroethyl)-2-methyl-9-benzyloxy-4- 

oxo-4//-pyrido[l ,2-a]pyrimidine- 
hydrogenation, 63, 208 

3-(2-Chloroethyl)-2-methyl-4//-pyrido 

[l,2-a]pyrimidin-4-one, 63, 136, 63, 184 

3-(2-Chloroethyl)thieno[3,2-d]pyrimidin-2,4- 
dione, 66, 253 

gem-Chlorofluoroaziridines, 65, 99 
3-Chloro-3-formyl-6-methoxybenzofuran, 
reaction with 2-aminothiophenol, 63, 90 

2- Chloro-3-formyl-4//-pyrido[l,2-a] 

pyrimidin-4-one, 63, 190 
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2-Chloro-3-formylquinoline, 63, 92 

4- Chloro-3-formylquinoline, 63, 92 
threo-and erytfiro-Chlorohydrin, synthesis via 

ring opening of cyclic sulfites, 68, 145 

6- Chloro-9(cis-4'-hydroxybut-2-enyl)purine, 

preparation, 69,158 

2- Chloro-3-hydroxy-4-methoxypyridine, 

homocoupling with Zn-Ni, 62, 408 

3- Chloroimidazoanthroquinone, 65, 16 

2- Chloroimidazo[l,5-f>]pyridazin-7-yl C- 

nucleosides, 70 , 214 

7- Chloroimidazo[4,5~h]pyridine, by 

cyclisation of adduct of diethyl 
ethoxymethylenemalonate and 5- 
aminoimidazole with phosphoryl 
chloride, 61 , 40 

6-Chloroimidazo[2,l-b]thiazole-5-carboxylic 
acid, esterification, 69 , 298 

3- Chloroindolizines, 65, 113 

5- Chloro-4-iodo-2-methylpyrimidine, 

benzylation by stannanes, 62, 332 
5-Chloro-4-iodopyrimidine, coupling with 
alkenes, 62, 311 

5- Chloro-4-iodo-2-0-silyloxypyrimidine, 

coupling with alkynes, 62, 320 

6- Chloroisocytosine, in synthesis of 

acyclonucleosides, 69 , 159 

1- Chloroisoquinoline, Ni catalysed coupling 

with Grignard reagents, 62, 390 
5-Chloromercury derivatives of 2- 
deoxycytidines, 62, 401 

2- Chloromercuryfuran, as precursor to 2,2'- 

bifuran, 67, 8 

2-Chloro-5-methoxytropone, condensation 
with 2-aminothiophenol, 64, 110 
2-Chloro-3-methyl-9,10-dimethoxy-4-oxo- 
6,7-dihydro-4/7-pyrimido[6,l -a] 
isoquinolinium chloride, reaction with 
mesitylene, 70 , 44 

4- Chloromethyl-l,3^2-dioxathiolane 2-oxide, 

synthesis, 68,106 
synthesis from glycerol, 68, 107 
reaction with sodium methoxide and 
phenoxide, 68, 141 

2-Chloromethyldioxolane, use in alkylation 
of purines, 68, 54 

4-Chloromethyl-l-phenyl-2-oxo-pyrido[l,2- 

a]pyrimidin-5-ium-3-olate-reduction, 

63, 171 

reaction with 1-methylpiperazine, 63, 172 


4-Chloro-3-methyl-6-phenyl-2f/-pyran, 
photochemical oxidative ring 
contraction, 62 , 73 

4-Chloro-2-methyl-6-phenylpyrimidine, 
homocoupling with Zn-Ni, 62, 409 

3- Chloro-6-methylpyridazine, Ni catalysed 

coupling with Grignard reagents, 62 , 392 
2-Chloromethyl-4//-pyrido[l,2-a]pyrimidin- 

4-one, reaction with amines, 63 , 187 
reaction with 0,0- 

dialkylphosphorothioates, 63 , 186 

4- Chloro-2-methylsulfonylpyrimidine, 

coupling with stannanes, 62 , 334 
2-Chloromethyl-5,6,7,8- 

tetrahydrobenzo[b]thieno[2,3-d] 
pyrimidin-4(3W)ones, blood lipid 
reducing activity, 66, 233 
4-Chloro-2-methylthieno[2,3-d]pyrimidines, 
reaction with iodide, 66, 229 
4-Chloro-6-methylthieno[2,3-d]pyrimidines, 
loss of chlorine, 66, 229 
2-Chloromethylthieno[2,3-d]pyrimidin- 
4(377 )-ones, acetylation, hydrolysis, 
conversion to Wittig reagent, 66, 226 

4- Chloro-2-methylthiopyrrolo[2,3-d] 

pyrimidine, conversion to tubercidin 
analogue, 68,10 

5- (Chloromethyl)uracil, reaction with 

ethylene glycol, 69 , 147 

7-Chloro-l,8-naphthyridine, coupling with 
stannanes, 62 , 342 
2-Chloronicotinamide, reaction with 

thioesters to give 1,3-pyridothiazines, 
66, 162 

2-Chloro-6-nitrobenzaldehyde 
thiosemicarbazone, ring chain 
tautomerism, 66, 51 

(2-Chloro-4-nitrobenzoyl)iso thiocyanate, 
reaction with amines to give 2-amino- 
l,3-benzothiazin-4-ones, 66, 145 
4-Chloro-3-nitrocoumarin, reaction with 
nucleophiles on both chlorine and nitro 
groups, 65 , 312 

6- p-Chloro-5-nitroimidazo[2,l-6]thiazole, 

nucleophilic substitution, 69 , 293 
4-Chloro-3-nitropyridines, precursor to 3- 
substituted 1,2-dihydropyrido[3,4-c] 
[l,2,4]triazines, 61 , 217 
reactions with guanidine to give pyrido[4,3- 
e][l,2,4]triazines, 61 , 219 
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4- Chloro-3-nitroquinoline, precursor to 

[l,2,4]triazino[5,6-c]quinolines, 61 , 226 
precursor to [l,2,4]triazino[6,5- 
c]quinolines, 61 , 227 
2-Chlorooxane, conformations, 69 , 220 
calcualted conformational equilibria, 69 , 
225 

2-Chlorooxirane, precursor to bithiazoles, 
67 , 34 

8-Chloro-3-phenylazaazulene, reaction with 
sodium sulfide, 66, 374 
(2a,4aa,8a|3)-2-(4-Chlorophenyl)- 
l,4,4a,5,8,8a-hexahydro-2//-3,l- 
benzoxazine. X-ray structure, 69, 422 
cw-2-(4-Chlorophenyl)-4a,5,6,7,8,8a- 

hexahydro-4//-1,3-benzoxazine, X-ray 
structure, 69, 432 

cis-2-(4-Chlorophenyl)-4a,5,6,7,8,8a- 

hexahydro-477-3,l-benzoxazine, X-ray 
structure, 69, 433 
(2a,4a/3,7a/3)-2-(4- 

Chlorophenyl)hexahydrocyclopent[e] 

[1.3] oxazin-4(4//)-one, X-ray structure, 
69 , 429 

5- Chloro-6-phenylimidazo[2,l-6]thiazole, 

69 , 293 

2-Chloro-4-phenylimino-4W-pyrido[l,2-a] 
pyrimidine, hydrolysis, 63, 174 

6- p-Chlorophenyl-3-methyl-5-nitroso- 

imidazo[2,l-6)thiazole, 69 , 293 
cw-2-(4-Chlorophenyl)-4,4a,5,6,7,8,8,9,9a- 
octahydrocyclohept[e][l,3]oxazine, X- 
ray structure, 69 , 433 
(2a,4a/3,9a/3)-2-(4- 

Chlorophenyl)octahydrocyclohept[e] 

[1.3] oxazin-4(4aff)-one, X-ray structure, 
69 , 431 

2- (4-Chlorophenyl)-6-phenylpyrimidine, 

reaction with methyl chloroacetate, 66, 
217 

6-Chloro-9-phenylpurine, coupling with 
alkynes, 62 , 325 

3- Chloro-2-phenyl-4H-pyrido[ 1 ,2-aj 

pyrimidin-4-one, 63, 155 
cw-2-(4-Chlorophenyl)-4a,5,8,8a-tetrahydro- 
4//-3,l-benzoxazine, X-ray structure, 

69, 434 

cis -and trans-2-p -Chlorophenyl-4a,5,6,7,8,8a- 
tetrahydro-4 H 

-3,1-benzoxazines, conformations, 69 , 418 


1- Chlorophthalazines, reaction with aldonic 

acid hydrazides, 70 , 218 
3-Chloro-2-piperidone, 64, 29 

2- Chloropropargylpyridinium bromide, 

reaction with methylhydrazine, 61, 212 
iV-(2-Chloropropionyl)-iV'-phenylthiourea, 
reaction with thiocyanate, 66, 154 

3- (3-Chl oropropy 1) thien o[2,3-d] 

pyrimidinediones, 66, 244 
6-Chloropteridine, coupling with alkenes, 

62, 313 

6-Chloropterin coupling, with alkynes, 62,324 
6-Chloropurine, coupling, with alkynes, 62, 
325 

Pd(0) catalysed reaction with 

(-)monoacetate of cu-cyclopenten-2- 
ene-l,4-diol, 66, 122 
conversion to methoxy and hydroxy 
acylonucleosides, 68, 3 
reaction with 4-methylthiobutan-l-ol, 69, 
156 

6-Chloropurine nucleosides, Ni catalysed 
coupling with Grignard reagents, 62 , 393 
2-Chloro-2//-pyran, 62 , 65 
2-Chloropyrazines, coupling with alkenes, 

62, 311 

coupling with aklenylstannanes, 62, 330 
arylation, 62, 364 

reaction with trimethylaluminium, 62 , 371 
2-Chloropyrazine-l-oxide, phenylation, 62 , 
342 

2- Chloropyrazin-4-oxide, coupling with 

alkynes, 62 , 322 
phenylation, 62 , 342 

6- Chloropyrazolo[4,3-d]pyrimidin-3-yl 

derivatives, 70 , 233 

3- Chloropyridazine, palladium catalyzed 

coupling to 3,3'-bipyridazine, 67 , 59 

3-Chloropyridines, 65, 131 
2-(and4-)-Chloropyridine-3-carbonitriles, 
coupling with alkynes, 62, 316 
12-Chloropyrido[3,2-a]acridines, 70 , 92 

2- Chloro-4//-pyrido[l,2-a]pyrimidin-4-one, 

63, 139 

reaction with sodium methoxide, 63, 184 
reaction with amines, 63, 185 

3- Chloro-4L/-pyrido[l,2-a]pyrimidin-4-one, 

ring contraction. 63, 230 

7- Chloropyrido[l,2-a]pyrimidin-4-one, 63, 

151 
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2-Chloropyrimidines, coupling with alkynes, 
62, 315, 62, 320 

from pyrazoles and dichlorocarbenes, 65, 
181 

4- Chloropyrimidine-5-carbaldehydes, 

reaction with alkyl 2-mercaptoacetate, 

66, 212 

5- Chloropyrimidin-2-one, Pd(0) catalysed 

reaction with cis-2-protected 
hydroxymethylcyclopentenyl acetate, 

66.104 

Pd(0) catalysed reaction with 1- 

tributylstannylbut-2-en-3-0-acetate, 
66, 105 

2-Chloropyrroles, 65, 111 

2-Chloropyrrolines, 65, 111, 65,132 
2-Chloroquinazoline, from indazole and 
dichlorocarbenes, 65,187 

4- Chloroquinazoline, coupling with alkynes, 

62, 324 

reaction with Grignard reagents, 67, 67 

2- Chloroquinoline-cross coupling with 

Grignard reagents, 62, 386 
reaction with lithium to give 2,3'- 
biquinoline, 67, 53 

3- Chloroquinolines, 65,131 

3-Chloroquinoxalin-2-carboxaldehyde, 

reaction with 2-aminothiophenol, 63, 97 

6- Chloro-9(/3-ribofuranosyl)purine, coupling 

with alkynes, 62, 329 

3- Chloro-4-(D-ribofuranosyl)pyridine, 

preparation, 68, 346 

5- Chloro-4-stannylpyrimidines, coupling 

reactions, 62, 355 

4- Chloro-2-substituted thieno[2,3-d] 

pyrimidines, 66, 206 
^-(3-Chlorosulfonylpropyl)piperidine 
hydrochloride, cyclisation, 69, 111 

7- Chloro-8,9,10,ll- 

tetrahydrobenzo[6][l,10]phenanthroline, 

70.105 

9-Chloro-6,7,8,9-tetrahydro-4//-pyrido 

[l,2-«]pyrimidin-4-ones, conformational 
analysis, 63, 113 

Chlorotetrathiafulvalenes, 62, 285 
2-Chloro-l,3-thiazin-4-ones, 66, 135 
hydrolysis, 66, 175 
reaction with ammonia, 66, 178 

4-Chlorothieno[2,3-d]pyrimidines, reduction 
by zinc, 65, 252 


4- Chlorothieno[3,2-4]pyrimidines, 66, 248 
reaction with nucleophiles, 65, 259 

6-Chlorothieno[3,2-4]pyrimidin-4(3//)-one, 
bromination of, 66, 252 
6-f-Chloro-5-thiocyanatoimidazo[2,l-6] 
thiazole, 69, 292 

5'-Chloro-2', 3',5'-trideoxyformycin, 70, 244 

5- Chloro-2,4,6-trimethylpyrimidine, 65, 187 
4-Chloro- 

5(trimethylsilylethynyl)pyrimidines, 
reaction with sodium hydrosulfide, 66, 
213 

A 2 ' 2 -Pwis-Cholesta-5,7,22-triene-3/8-ol, 
preparation from ergosterol acetate, 

61,169 

Chromones see 4-oxo-4H-l-benzopyrans 
Chromonol, preparation, 69, 72 
Chrysin, synthesis, 69, 52 
3-Cinnamoyltropolones, oxidation, 64,101 
N-Cinnamyl-2-pyridone, 66, 100 
Cinnoline-4-carboxylic acid, preparation of 
4,4'-bicinnoline, 67, 65 
Citabisamines A-C, 70,147 
Citracridone-I,II and III 70,127 
Citropone-X-ray diffraction, 66, 287 
,3 C NMR, 66, 293 

Cobalt metal complexes of pyrans, 62,109 
Coformycin, see {6,7,8-trihydro-8-hydroxy-3- 
/3-D-ribofuranosyl}imidazo[4,5-d]l,3- 
diazepine, 

6is(sym-Collidine)iodine (I) perchlorate, in 
oxirane formation, 69,10 
Coptisine, 67, 383 
Cordycepin-C, see 3'-deoxy-2-/3-D- 

ribofuranosylimidazo[4,5-d]pyrimidine, 
Corrins, 65, 76; 67, 6 

Corynantheioid alkaloids, synthesis, 67, 287 
Coumaran-3-one, synthesis by oxidation of 
silyl enol ethers with iodosobenzene, 
69,21 

Coumaran-3-one dimethylacetals, 69,19 
Coumarin, photosensitised reaction with 
cyclopentene and tetrachloroethylene, 
65, 337 

reaction with trimethylenemethane Pd 
complex, 65, 330 

Crown ethers, by radical reactions with 
oxetane, 65, 198 
(±)-Cryptofauronol, 65, 356 
Cumaranones, condensative dimerisation to 
substituted 2,3'-benzofurans, 67, 18 
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Cuproine see 2,2'-biquinoline 

3-Cupro-2-pyrone, coupling with alkenyl 
bromides, 65, 305 

CV-1, see 5-hydroxy-4-(D-ara6mo-tetritol-l- 
yl)imidazolidin-2-one 

1- Cyano-3-acetoxy-l ,3,4,6,7,116-hexahydro- 

2/7-pyrimido[6,l-a]isoquinolines, 
catalytic reduction, 70, 43 

2- (l-Cyanoallyl)thiophene, Diels-Alder 

reactions, 63, 366 

reaction with A'-phenylmaleimide, 63, 366 

2- Cyanoaminothienopyrimidin-4(3//)-ones, 

65, 242 

llH-5-Cyanobenzo[a]carbazole, 63, 358 

3- Cyano-l-(o-chlorobutyl)indoles, 65, 30 

2- Cyanochromone, irradiation, 65, 328 
photochemical reaction with olefins, 65,331 

A'-(l-Cyanocyclohexyl)piperidine, oxidation, 

69, 74 

A'-(l-Cyanocyclohexyl)piperidone, 
preparation, 69, 74 

3- Cyano-3-deazaguanine analogue of 

acyclovir, 69,141 

l-Cyano-6,7-dihydro-2W-pyrimido[6,l-a] 
isoquinolines, catalytic reduction, 70,42 

1- Cyano-9,10-dimethoxy-2,4,6,7- 

tetrahydro[ 1,3]oxazino[4,3-a] 
isoquinoline, catalytic hydrogenation, 

70, 34 

reactions with amines and formaldehyde, 
70, 39 

2- Cyano-3,6-dimethyl-4H-pyran, 62, 50 

1-Cyanoenamines, reaction with dimethyl 

acetylenedicarboxylate, 65, 5 

l-[Cyano(ethoxycarbonyl)methylene]- 
1,2,3,4-tetrahydroisoquinoline, 70, 66 

3- Cyano-5-ethoxycarbonyl-4H-pyran, 

reaction with guanidine, 62, 98 

3- Cyano-2- 

(ethoxymethylene)aminothiophene, 
reaction with amines, 65,241 

4- Cyano-3-ethoxymethylenethiophenes, 

reaction with ammonium acetate, 65,261 
iV-Cyanoethyl-a-aminoacids, cyclisation to 
pyrroles, 64, 7 

7-Cyano-3-ethyl-2-methyl-4W-pyrido 
[l,2-a]pyrimidin-4-one, 63,133 
3-Cyano-9-hydroxy-4W-pyrido 

[l,2-a]pyrimidin-4-one, 63, 149 
3-Cyano-2-hydroxy-2-(/3-D- 

ribofuranosyl)propionic acid, as 
precursor of showdomycin, 68, 240 


Cyanoisochromenes, 65, 293 
alkylation, 65, 293 

3- Cyano-2-mercapto-4//-pyrido[l ,2-a] 

pyrimidin-4-one, 63, 140 

4- Cyano-5-methoxy-2-phenyl-l,3-oxazoles, 

65, 180 

2-Cyanomethyl-l,3-benzothiazin-4-one, 
protonation, 66, 169 
6-Cyanomethyl-2,4-dimethoxy-5- 

nitropyrimidine, condensation with d- 
ribofuranosyl chlorides, 70, 223 
1 -Cy anomethy lene-6,7-dime t hoxy-1,2,3,4- 
tetrahydroquinoline, reaction with 
formaldehyde, 70, 58 

4- Cyanomethyl-5-fluoro-2,3-dihydro-l- 

methyl-7-oxo-l//, 7H-pyrido[3,2,l-y] 
cinnoline-8-carboxylate, 69,107 

1- (Cyanomethyl)perhydropyrido[l,2-6] 

pyridazine, reduction of cyano group, 
69, 104 

2- Cyanomethylperhydropyrimidine, 

reduction, 70, 51 

3- Cyano-4-methyl-2-phenylfuran, 

preparation from enolates and 
alkynyliodonium salts, 69,15 

1- Cyano-5-methyl-4-phenyl-l,2,3-triazole, 

thermolysis and reaction with 
acetonitile, 65,177 

5- Cyano-6-methylpyrimidine-2,4(lH, 

3J/)diones, cyclisation with sulfur, 65, 
264, 66, 266 

3- Cyano-4-methyl-2-quinolinone, reaction 

with sulfur in presence of base, 68,186 

2- Cyano-2(3-methylthieno[2,3-4]pyrimidin- 

2-ylidene)acetonitriles, 66, 200 

4- Cyano-3-methylthio-l//-pyrido[l,2- 

c]pyrimidin-l-one, 70, 45 
3(5)-Cyano-4-nitro-5(3)-/8-D- 

ribofuranosylpyrazole, 70, 234 

3- Cyano-2-oxofuro[6]tropone, 66, 357 

3-Cyano-4-oxo-4//-pyrido[l ,2-a]pyrimidine- 

2-carboxylate, 63, 156 
/zanj-2-(4'-Cyanophenyl)-5-ethoxy-l,3- 
dioxane, conformations, 69, 236 

3-Cyano-2-picoline, reaction with 

dimethylformamide dimethylacetal, 68, 
186 

3-Cyano-4-picoline, reaction with 

dimethylformamide dimethylacetal, 68, 
186 
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2- (l-Cyanopropen-l-yl)thiophene, 

cycloaddition, 63, 354 
Cyanopyridines-cobalt catalysed 

trimerisation with acetylene, 67, 51 

3- Cyano-4//-pyrido[l,2-a]pyrimidin-4-one, 

reaction with sodium azide, 63, 196 

l-Cyano-2-substituted-9,10-dimethoxy- 
3,4,6,7-tetrahydro-2//-pyrimido[6,l-a] 
isoquinolines, formation, 70, 39 
5-Cyano-5-0-sulfonyluronylfuranose 
derivatives, reduction 68, 231 
8-Cyano-l,2,3,4-tetrahydro-6//, 777-1,6- 
naphthyridin-7-one, preparation, 70, 52 
1 lfe-Cyano-1,2,3,1lh-tetrahydro-477- 

pyrido[2,l-a]phthalazin-4-one, 69,115 

4- Cyano-5,6,7,8-tetrahydro-3/7-pyrido[l,2- 

c]pyrimidin-3-one, hydrolysis, 70,42, 66 

1- Cyano-3,4,6,7-tetrahydro-2/7- 

pyrimido[6,l-a]isoquinolines, catalytic 
reduction, 70, 42 

7-Cyanothieno[3,2-d]oxazin-4-ones, reaction 
with primary amines, 65, 261 

2- Cyano-2(thieno[2,3-d]pyrimidin-2- 

ylidene)acetates, 66, 201, 66, 203 
2-Cyano-2(thieno[2,3-d]pyrimidin-2- 

ylidene)acetonitriles, 66, 201, 66, 203 
Cyanothioacetamide, reaction with cyclic 
ketones and sulfur, 66,203 
2-Cyanovinylphenylpyrrolidines, acylation 
and cyclisation, 65, 30 
Cyclic 0 6 , conformations, 69, 257 
Cycloalkane-fused tetrahydro-1,3-oxazin-4- 
ones, biological activities, 69, 463 
Cyclobutatropylium ion, ir spectrum, 66,320 
Cyclodercitin, 70,116 

Cyclodimerisation of cycloalkanones to 2H- 
pyrans, 62, 42 

Cycloheptabenzazines, protonation and 
alkylation, 64, 131 

Cycloheptabis[l,2,5]thiadiazol-7-one, 
formation of tetracycles, 66, 333 
Cyclohepta[c]furan-6-ones, 66, 299 
IR spectra, 66, 302 
mass spectra, 66, 306 
aromaticity, 66, 307 
Cycloheptanol from hydrogenation of 
dithienotropones, 66, 368 
Cyclohepta[6]pyran-4,9-diones, 64,101 
Cycloheptapyrazin-5-ones, ir spectra, 66,304 
Cyclohepta[6]pyrrol-4-ones, 64,124 


Cyclohepta[6]pyrrol-8-ones, 64, 123 
Cycloheptapyrrolotropones, 66, 392 
Cyclohepta[c]thien-6-one, reaction with 
organometallic agents, 64, 133 
Cycloheptatrienone-l-carboxylic acid, 65,365 
Cycloheptazol-8-ones, UV spectra, 66, 302 
Cyclohexane-1,2-dione dioxime, reaction 
with 2-aminobenzoylformic acid, 70,107 

1.3- Cyclohexanedione, reaction with 

hydrazides, 67, 218 

1.3- Cyclohexadione-derived enaminones, 

cycloadditions with nitrile oxides, 67,252 
Cyclohexane-fused oxazines, ring chain 
tautomerism, 66, 9 

Cyclohexanone, conformations, 69, 402 
Cyclohexene, conformations, 69, 401 

2- Cyclohexenylacetate, as allylating agent in 

Tsuji-Trost reaction, 66, 80 

3- (l-Cyclohexenyl)indole, Diels-Alder 

reactions, 63, 385 

C-Cyclohexyl-V-(3-hydroxypropyl)nitrone, 
ring chain tautomerism, 66,18 
2,3,-O-Cyclohexylidene-D-erythronolactone, 
reaction with 3-deaza-adenine, 69, 203 

1- Cyclohexyl-2-methylpyrrolo[6]trop-8- 

ones, rotamers shown by nmr, 66, 292 
Cycloocta[de/]carbazoles, 65,119 

1.3- Cyclooctadiene, reaction with 

acyliminium derivatives, 69, 362 
cis-Cyclopenta[d][l,3]dioxanes, 
conformations, 69, 244 
Cyclopenta[l,2-a]furanones, 65, 362 
Cyclopentane-cij-l,2-dicarboxylic anhydride, 
conversion to cyclic urethanes, 69, 363 
Cyclopenta[c]pyridin-3-yl C-nucleosides, 
preparation, 70,197 

Cyclopenta[c]pyrido[2,l-/][l,2,4]triazines, 
61, 223 

5,6-Cyclopenteno-5-deazapterin, 61, 247 

2- Cyclopentenones, synthesis via iodonium 

salts, 69, 30 

trani-fuscd Cyclopent [d ][ 1,3]oxazines, 
synthesis, 69, 377 
Cyclopent[e][l,3]oxazines, 69, 367 
Cyclopent[e]fl,3 |oxazin-2-ones, 69, 363 
Cyclopropabenzopyran, 65, 321 
Cyclopropa[c]isoquinolines, 65, 130 
Cyclopropanes, 65, 76 
Cyclopropa[6]/[c]pyridine, 65, 129 
Cyclopropyl lactones, 65,146 
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V-Cyclopropyl-2-prop-l-en-3-yl)pyrrolidin- 

3-one, 65, 127 

V-9-(and V-7-Cyclopropylpurines, as 
acylonucleosides, 68, 36 
D,L-Cycloserine, 64, 19 
Cyclothiazomycin, 67, 35 

4-Cysteine alkyl esters, nitrosation to (s)- 
thiirane carboxylates, 64, 4 
Cystodamine, 70, 100 
Cytallene, preparation, 69, 197 
Cytodytins A-J, 70, 112 
Cytosine, Pd(0) catalysed allylation, 66,111 


L-Daunosamine, 67, 251 

3-Deaza-adenine, reaction with 

cyclohexylidene-D-erythronolactone, 
69, 203 

7-Deaza analog of EHNA, 68, 64 
3-Deaza(±)EHNA, antineoplastic activity, 
68, 69 

7-Deazaadenosine acylonucleosides, 68, 10 
7-Deazaguanosine acylonucleosides, 68,10 
9-Deazainosine, see 7/3-D-ribofuranosyl-3/7, 
5/7-pyrrolo[3,2-d]pyrimidin-4-one 
Debromopetrosamine, 70,108 
c(i-Decahydro-2,3-dimethylquinazoline, 
conformations, 69, 407 
d/exo-Decahydro-5,8-methano-3,l- 

benzoxazines, conformations, 69, 407 
diendo-l,4,4a,5,8,8a-Decahydro-5,8- 

methano-2 H -3,1 -quinazolin-4-ones, El 
fragmentation, 69, 445 
cis-Decahydro-3-methylquinazoline, 
conformations, 69, 407 
Decahydrophenanthridines, via Claisen 
rearrangements of enaminones, 67, 292 
Decahydropyrido[3,4-b]acridine, 70, 99 
trans- Decalins, conformations, 69, 403 
Dehydro-L-ascorbic acid, reaction with 
guanidine, 68, 288, 69, 202 
reaction with 2,3-diamino-5- 
bromopyridine, 70, 284 
Dehydro-L-ascorbic acid 2-arylhydrazone-3- 
oximes, precursor of 4-(alditoI-l-yl)-2- 
aryl-5-carboxamideo-l,2,3-triazoles, 68, 
322 

Dehydrokuanomiamine, 70, 116 
6-Demethoxyacronycine, 70, 133 
Dercitamide, 70, 116 


Dercitamine, 70, 116 
Dercitin, 70,115 

6-Deoxyacyclovir, oxidation, 69, 135 

4- (2-Deoxyalditol-l-yl)imidazoles, 

preparation, 68, 288 
3-Deoxyalduloses, reaction with 
aminoguanidine, 68, 393 
3'-Deoxy-2,5-anhydroallonic acid, in 
synthesis of cordycepin C, 70, 251 

5- Deoxy-L-arabinose phenylhydrazone, use 

in synthesis of acyclonucleosides, 69, 
170 

flWehydo-5-Deoxy-L-arabinose 
semicarbazone, in synthesis of 
primapterin, 70, 272 
2'-Deoxybiopterin, 70, 268 
Deoxychlororibavarins, synthesis, 67, 414 
2'-Deoxycoformycin, 70, 233 
2'-Deoxy-2'-fluoropseudouridine, antiviral 
activity, 68, 373 

2'-Deoxyformycin, 70, 242, 244 
2'-Deoxyformycin B, 70, 242, 244 
3'-Deoxyformycin, 70, 242 
3'-Deoxyformycin B, 70, 242 
3-Deoxyglucosulose, reaction with 
aminoguanidine, 68, 78 
5’-Deoxy-5'-halogenoformycins, 70, 244 
6'-Deoxy-6'-haloshowdomycins, 
preparation, 68, 247 

3'-Deoxy-2'-,3'-seco-inosine, in synthesis of 
seco-puromycin analogues, 67, 406 
5'-Deoxy-5'-iodotiazofurin, 68, 309 
1-Deoxy-l-isothiocyanate-D-fructose, 

reaction with carbon disulfide, 69, 197 
2'-Deoxy-3'-ketopseudouridine, 68, 366 
5'-Deoxy-5'-mercaptotiazofurin, 68, 309 
1-Deoxy-l-methylaminoalditols, cyclisation 
with benzaldehyde, 68, 305 
5'-Deoxy-5'-methylinercaptoformycins, 70, 
245 

6,5’-cyc/o-5'-Deoxy-5-methyl-2'-,3'-seco- 
uridine, synthesis, 67, 410 

5-(2-Deoxy-o-a//o-pentitol-l -yl)uracils, 68, 
368 

5-(2-Deoxy-D-a/fro-pentitol-l-yl)uracils, 68, 
368 

5'-Deoxy-5'-phenylmercaptoformycin B, 70, 
245 

2'-Deoxypseudoisocytidine, 68, 371 
3'-Deoxypseudoisocytidine, 68, 371 
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2'-Deoxypseudouridine, 68, 357, 367, 370 
preparation, 68, 358 

2'-Deoxypseudouridine-5'-phosphate, 68, 
371 

4- Deoxypyrazofurin, preparation, 68, 267 
2'-Deoxypyrimidin-5-yl C-nucleosides, 68, 

366 

2- (a-and /3-2-Deoxy-D-ribofuranosyl) 

benzothiazoles, 70, 193 
3'-Deoxy-2-/3-u-ribofuranosylimidazo 
[4,5-4]pyrimidine, 70, 249 
2'-Deoxy-/3-D-ribofuranosylpyrazolo 
[l,5-a]l,3,5-triazine, 70, 303 

3- (2-Deoxy-/3-D-ribofuranosyl)quinoline, 

preparation, 70, 205 

5- (2-Deoxy-/3-D-ribofuranosyl)thiazole, 68, 

312 

2-Deoxy-D-ribose, reaction with N- 

triphenylmethylmaleimide to give 2’- 
deoxyshowdomycin, 68, 240 
condensation with V-alkyladenine, 68, 61 
2'-Deoxyshowdomycin, 68, 240 
synthesis, 68, 237 

3'-,4'-2'-Deoxythymidine, synthesis, 67, 413 
2'-Deoxytiazofurin, 68, 309 
3'-Deoxytiazofurin, 68, 309 
antitumour activity, 68, 311 
5'-Deoxytiazofurin, 68, 309 

2- Deoxy-2-ureidoglucopyranoses, 70,181 
2'-Deoxyuridine, mercuration, 62, 400 

3- Deuterio-3-p- 

methoxyphenylperhydropyrido 
[l,2-c][l,3]oxazine, reduction, 70, 32 
Diacetamide purine, preparation of 
acyclonucleoside analogs, 68, 60 
2,6-Diacetamidopurine, condensation with 
chloromethyl ethers to give 
acylonucleosides, 68, 9 

2.3- Diacetoxy-l,l-dimethoxypropane, 
reaction with bis-O-trimethylsilyluracils, 
68, 60 

4,4'-Diacetoxy-5,5'-dimethyl-2,2'-bithiazole, 
solid state structure, 67, 36 

1.3- Diacetoxy-l-methoxypropane, reaction 
with bis-O-trimethylsilyluracils, 68, 60 

reaction with pertrimethylsilyl derivatives 
of V-benzoyladenine, 68, 60 

l,l-Diacetoxy-l-telluracyclohexa-2,5-dien-4- 
one, reaction with dicyanomethane, 

63, 17 


1.1- Diacetoxytellurapyrones, 63, 33 
A/,A/-Diacetylated-2-arylnaphthylamine 

derivatives, synthesis, 67, 360 
Diacetylguanine, in preparation of analogues 
of acyclovir, 69, 144 

/V-2,9-Diacetylguanine, condensation with 

2,3-dichlorotetrahydrofuran to give 
acyclonucleosides, 68, 53 
3',5'-Di-0-acetylthymidine, ring opening, 

69, 195 

Diacylethylenes, reaction with 3- 
aminocyclohex-2-enones, 67, 238 

2.2- Diacyl-/V-(l-pyridino)vinylamidines, 

thermolysis, 67, 252 

Dialdo-D-xylopentofuranose derivatives, in 
synthesis of quinolin-2-yl reverse C- 
nucleoside, 70, 207 
10-Dialkoxy-4-aryl-2-imino-6,7- 

dihydropyrimido[6,l-a]isoquinolinium 
chloride, ring chain tautomerism, 64,290 
tra«i-2,3-Dialkoxy-l,4-dioxanes, 
conformations, 69, 251 
troni-2,5-Dialkoxy-l,4-dioxanes, 
conformations, 69, 251 
22,6-Dialkoxy-2«-pyrans, 62, 28 
7-(Dialkylaminoalkylamino) 
benzo[6][l,8]phenanthroline, 
preparation and amebicidal activity, 70, 
109 

1 -Dialkylaminoanthraquinones, conversion 
of oxazinoanthraquinone 65,11 
cyclisation, 65, 23 

2-(or 3-)Dialkylaminobenzothiophenes, 
cyclisation with 

methoxymethylenemalononitrile, 65,19 
2-Dialkylaminobenzoyl azides, thermolysis, 
65, 29 

2-Dialkylamino-4-chlorothieno[3,4-d] 
pyrimidine, 66, 268 

2- (iV,yV-Dialkylamino)ethyl diazoacetates, 

conversion to morpholinones, 65,189 

6-Dialky lamino-1,2,3 „5,6,7- 

hexahydropyrido[3,2,l-i;]quinazolin-3- 
ones, 70, 65 

3- Dialkylamino-2-iminopyrido[3,2-e]l,3- 

thiazine-4-one, 66, 171 
V,A/-Dialkylaminomethyltetrathiafulvalenes, 
62, 277 

2-V-Dialkylamino-4-methyloxanes, 
conformational equilibria, 69, 225 
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2-Dialkylamino-4-morpholinothieno[2,3-d] 
pyrimidines, 65, 241 

2- Dial kylaminothieno[3,4-c/]pyrimidin-4- 

one, reaction with phosphoryl chloride, 
66, 268 

3- Dialkylaminothiophenes, cyclisation with 

methoxymethylenemalononitrile, 65,19 
3,3'-Dialkyl-5,5'-bi-l,2,4-oxadiazoles, 67, 45 
Dialkyl a-bromo-/3-hydroxysuccinate, 
synthesis by ring opening of cyclic 
sulfites, 68, 145 

2.2- Dialkylchromanones, oxidation, 69, 72 
(V.V-Dialkyl-a-diazoacetamide, Rh(II) 

catalysed decomposition, 65, 118 
fran.v-4,6-Di alkyl-2,2-dimethyl-l,3-dioxanes, 
X-ray structure and NMR determination 
of structure, 69, 231 

3.4- Dialkylisoxazolo[4,3-c]quinolines, 64,205 

4.5- Dialkyloxyaurones, synthesis, 69, 22 

2.3- Dialkyl-4//-pyrido[l,2-a]pyrimidin-4- 

ones, bronchorespiratory activity, 63,245 
cis and (rani-2,5-Dialkyl tetrahydrofuran-3- 
ones, 65,142 

2.6- Dialkyl-l,3-thiazin-4-one, rearrangement 
with ammonia to pyrimidinones, 66,177 

reduction, 66, 180 
dimerisation, 66, 184 

4.6- Diallyl-p-tropoquinone, 64,126 

3.6- Diaminoacridine, 70,100 

1.2- Diaminobenzene, reaction with furanone 

glycoside, 68, 79 

reaction with oxidised L-ascorbic acid, 
68,80 

condensation with aldoses, 70,184 
4,4'-Diamino-3,3'-bi-l,2,5-oxadiazole, 67, 46 
2,2'-Diamino-4,4'-bithiazole, nitration, 67,36 

1.2- Diamino-l,2-dideoxy sugars, 
condensation with benzil, 68, 383 

5.6- Diamino-2-dimethylaminopyrimidin-4- 

one, reaction with L-xylose 
phenylhydrazone, 70, 270 

5.6- Diamino-l,3-dimethyluracil, reaction 

with 6-hydroxy-6-/J-i)-ribofuranosyl-2//- 

pyran-3(6//)-one, 70, 263 

1,5-Diaminoimidazole, reaction with 
acetylacetate to give imidazo[l,5-f>]- 
1,2,4-triazepines, 61, 41 

2.3- Diaminoisocarbostyrils, reaction with a- 

diketones to give 6//[l,2,4]triazino 
[2,3-£>]isoquinolin-6-ones, 61, 231 


4.5- Diamino-6-methoxythieno[2,3-d] 

pyrimidines, 65, 238 

5.6- Diamino-3-methylthio[l,2,4]triazine, 

precursor to pyrazino[2,3-e] 
[l,2,4]triazines, 61, 269 

1.2- Diaminonaphthalenes, reaction with 1- 

arylamino-l-deoxyketoses, 70, 289 

1.5- Diamino-2-phenylimidazole, from ethyl 

V-(cyanomethyl)benzimidate and 
hydrazine, 61, 29 

reaction with diacetyl to give imidazo 
[1,5-6]-l ,2,4-triazines, 61, 42 

2.3- Diaminopyridine, reaction with oxidised 

L-ascorbic acid, 68, 80 
reaction with o-arabinohexulosonic acid 
derivatives, 70, 201 

2.3- Diamino-4//-pyrido[l,2-a]pyrimidin-4- 

one, 63,177 

2.3- Diamino-4(3//)pyrimidones, reaction 

with a-diketones to give pyrido[l,2-i>] 
[l,2,4]triazines, 61, 239 

3.5- Diaminopyrimido[5,4-e][l,2,4]triazine, 

61, 251 

2.3- Diaminothiazoles, in synthesis of 

thiazolo[3,2-b][ 1,2,4]triazoles, 69, 325 

2.4- Diaminothienopyrimidines, 65, 242 

2.4- Diaminothieno[2,3-£f]pyrimidine, 66, 221 

2.4- Diaminothieno[3,2-d]pyrimidine, 65, 255 

2.4- Diamino-6-(3- 

trifluoromethylphenylthio)thieno 
[2,3-d]pyrimidine, 66, 227 

4.5- Diaminotropolone, reaction with formic 

acid, 64,110 

4.5- Diaminotroponeimine, cyclisation to 

imidazo-and triazolotroponeimines, 66, 
376 

1,5:4,6-Dianhydro-2,3-hexodiulose 

bis(phenylhydrazone), heating with 
copper (II) sulfate, 70, 177 
3,3'-Diaryl-5,5'-bi-l,2,4-oxadiazoles, 67, 45 

2.5- Diaryl-1,4-dithiins, sulfur extrusion to 

thiophenes, 65, 60 

2.6- Diarylimidazo[2,l -6] [1,3,4]oxadiazoles, 

synthesis, 69, 277 

2.6- Diarylimidazo[2,l-6][l,3,4]thiadiazoles, 

Vilsmeier-Haack reaction, 69, 310 

2.5- Diaryloxazoles, 69, 65 

1,3-Diaryloxazoles, synthesis from 

acetophenone, 69, 38 

3.5- Diarylpyrrole-2-carboxylate, 64, 10 
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1.5- Diaryl-l,2,3,4-tetrazole, 64, 201 

2.6- Diaryl[2,l-6]-l,3,4-thiadiazoles, from 2- 

aminothiadiazoles, 69, 47 

2.5- Diarylthiazolo[3,2-6|[l,2,4|triazoles, 69, 

325 

1,3-Diazaazulene, conversion to 
imidazotropones, 64, 124 
alkylation, 64, 131 
Diazabenzoquinones, 61, 158 
reactions, 61, 159 

Diels-Alder reactions, 61, 160, 61, 163 

2.5- Diazabicyclo[2,2,l]heptane, 64, 41 
1,9-Diazacycl[3,3,3]azines, 70, 48 
1,5,3,7-Diazadiphosphacyclooctane, from m- 

aminobenzoic acid and 1,3,2,5- 
dioxaborataphosphoniarinanes, 61, 111 
complexes with molybdenum, 61,127 
from phosphorous containing diols and 
amines, 61, 73 
alkylation, 61, 77 
ring contraction, 61, 78 
reaction with borane, 61, 80 
Diazadiphosphacyclooctanes, from 

phosphorous-boron heterocycles and 
aminomethylphosphines, 61,113 
Diazaphospholanes from 

bis(hydroxymethyl)phosphine and 
hydrazines, 61, 75 
4H-l,2,4-Diazaphospholes, from 

bis(diazomethyl)phosphoranes, 65, 195 

1.3.5- Diazaphosphorinanes, by reaction of 
amines with tris(oxymethyl)phosphine, 
61,72 

alkylation, 61, 77 
conformations, 61, 81 
reaction with boranes, 61, 125 
Diazaquinones, addition to ergosterol 
derivatives, 61, 168 
spectrum, 61,176 
chemiluminescence, 61,176 
Diazasnoutane, synthesis, 67, 182 
Diazepines, from pyrylium salts and 
diazoalkanes, 65, 292 
Diazepinotropane, 64, 105 
Diazetidinones, 65, 171 
Diazirine acyclo C-nucleosides, synthesis, 

68, 233 

a-Diazoacetamides, decomposition, 65, 101 
Diazoacetoacetamides, Rh(II) catalysed 
decomposition, 65, 102 


a-Diazoacetophenone, reaction with 2- 
methoxypropene, 65, 150 

2-(Diazoacetyl)cyclobutanones, photolysis, 
65, 153 

Diazoanilides, conversion to /3-lactams, 65, 
104 

Diazocines, 65, 26 

2-Diazocyclohexan-l,3-dione, reaction with 

2,3-dihydrofuran, 65, 150 

1- Diazo-l-deoxyketose, copper catalysed 

thermal decomposition, 70, 171 
1 -Diazo-2,5-dicarbonyl compounds, 
cyclisation, 65, 156 

2- Diazo-4,5-dicyano-2/7-imidazole, 

thermolysis, 65, 196 

2-(2-Diazo-l,3-diketobut-l-yl)-iodobenzene, 
Rh(ll) catalysed decomposition, 65,171 
Diazodimedone, reaction with furan, 65,150 
9-Diazofluorene, reaction with quinones, 

65, 134 

Diazoketones, carbene reactions with 
enaminones, 65, 124 

a-Diazo-/3-ketophosphonatoanulates, 65,171 

1,3-Diazolidines, ring chain tautomerism, 
66,23 

thermodynamics, 64, 256 

2- Diazomethyl-2H-l-benzopyrans, 

decomposition, 65,159 
4-Diazomethyl-4//-pyrans, decomposition 
with Pd(II), 65, 159 

3- Diazopentane-2,4-dione, decomposition in 

presence of aldehydes and ketones, 65, 
183 

1- Diazo-2,5-pentanedione, precursor to 

reaction of carbenes with dipolarophiles, 
65, 207 

/3-Diazo-/3-phenylethanol, photolysis, 65,135 

2- Diazo-V-phenylmalonamic acid ethyl ester, 

decomposition, 65, 122 
Q'-Diazo-a-phenylsulfonylacetopiperidide, 
photolysis, 65, 104 

a-Diazophosphonates, decomposition, 65, 
145 

4- Diazopyrrolidine-2,3-diones, photolysis, 

65, 105 

4- Diazotetraalkyl-3-furanidones, 

rearrangement, 65,137 

3- Diazothiochroman-4-one, Wolff-like 

rearrangement, 65, 165 

5- Diazouracils, decomposition, 65, 123 
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Dibenzo[n,d]cyclohepten-5,10-imines, via 
azomethine ylides, 65, 201 
Dibenzofuro[4,5-c]tropones, 64,115 
Dibenzofurotropone, 64, 95 
cycloaddition product with dimethyl 
acetylene dicarboxylate and 1,4- 
epoxy-l,4-dihydronaphthalene, 66, 
366 

Dibenzophenazine, from /3-naphthylamine, 
69, 57 

Dibenzo[c,/]quinolizinium chloride, 68, 213 
Dibenzoselenophene-Se-oxide, 64, 328 
Dibenzotellurophene, 63, 36 
Dibenzotetraazapentalenes, formation from 
bibenzotriazoles, 67, 44 
Dibenzo[f>,/]thiepins, desulfurisation, 65, 48 
Dibenzothiophenes, 65, 60 
Dibenzothiophene-S-oxide, 64, 328 
Dibenzo-)3-tropolone, reaction with benzoin 
and ammonia, 64,107 
Dibenzotropones, aromaticity, 66, 307 

2.5- Dibenzoyl-3,4-dioxopyridazine, bis -N- 

oxide, 61, 156 

Dibenzoylmethane iodonium ylide, 
photochemical reaction, 69, 43 
Dibenzoylmethane 2-methyl(and 2,4- 

dimethyl)thiosemicarbazones ring chain 
tautomerism, 66, 53 
,V,/V-Dibenzylglycinate- precursors to 
pyrroles, 64, 8 

6-(4,5-Dibenzyloxy-2-oxopent-l-yl)pterin, in 
synthesis of urothione, 70, 277 

l,3-Dibenzyl-5-phenyl-l,3,5- 

diazaphosphorinanes, conformation, 61, 
125 

gem-Dibromoaziridines, 65, 99 

6.8- Dibromobenzo[Z>]tropoxazine, 

hydrolysis, 64, 89 

Dibromocarbenes, reaction with pyridine, 
65, 177 

4.5- Dibromocycloheptadienones, reaction 

with methanol or potassium hydroxide, 

64, 86 

2.2- Dibromo-l,3-diketones, reaction with 

copper and double and triple bonds, 

65, 150 

2.3- Dibromo-l,4-diketones, conversion to 

5,5'-bithiazoles, 67, 35 
5,5'-Dibromo-2,2'-dipyrrole, 67, 7 

5.8- Dibromo-6-hydroxycycIohepta[6]pyrid- 
7-one, 66, 334 


3.8- Dibromo-9-hydroxy-2-methyl-4W- 

pyrido[l,2-a]pyrimidin-4-one, 63, 189 
6,6'-Dibromoindigo, 67,14 

6.8- Dibromo-10-oxobenzo[t>]tropoxazine, 

64,90 

7.9- Dibromo-10-oxobenzo[6]tropoxazine, 

64,90 

2.4- Dibromo-l 1 -oxopyrido[ 1,2-6]cinnolin-6- 

ium hydroxide, 69, 113 

1.5- Dibromopentane, reaction with sodium 

telluride, 63, 3 

2.5- Dibromopyridine, coupling with alkynes, 

62, 317 

2.6- Dibromopyridine, coupling with alkenes, 

62, 314 

5.7- Dibromo-3-(2-pyridyl)-2,l- 

benzisoxazole, 69, 113 
Dibromoquinoxalotropone, replacement of 
the C-9Br by 2-aminophenylthio group, 
66, 346 

1.1- Dibromotellurachromanone, 63, 23 

1.1- Dibromo-l-telluracyclohexane, 63, 5 

9.9- Dibromo-6,7,8,9-tetrahydro-4/J- 

pyrido[l ,2-a]pyrimidin-4-ones, 
conformational analysis, 63, 113 

1.3- Dibromothienotropone, reaction with 

organometallic agents, 66, 357 

1.3- Dibromothieno[c]tropylium salts, 

reduction, 66, 382 

Dibromotriphenylphosphoranes, 64, 165 
tran.s-2,5-Di-/-butoxy-l,4-dioxane, X-ray 
structure and ab initio calculations on 
conformations, 69, 251 

2.6- Di-r-butyl-4-alkylpyrylium cations, 

reaction with methoxide, 65, 311 

2.2- Di-r-butyl-6-methyl-2//-pyran, 62, 45 

1.3- Di(r-butyl)-4-methylpyrrole, 65, 124 

2.6- Di-(-butyl-4//-pyran, 62, 51 

2.6- Di-r-butylpyrylium perchlorate, reaction 

with Grignard reagents, 65, 289 

2.6- Di-r-butyl-l-telluracyclohexa-2,5-dien-4- 

one, reduction, 63, 15 
Di-r-butyl-l,3-thiazepines, desulfurised, 65, 
49 

2.7- Di-/-butyl-l ,4-thiazepine, loss of sulfur, 

65, 50 

Di-r-butylthioketene, reaction with 
dialkyldiazomalonate, 65, 185 
5-(l,2-Dicarboethoxyhydrazino)-6-(2- 
formylhydrazino)-l,3-dimethyluracil,- 
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preparation of pyrimido[5,4-e] 
[l,2,4]triazines, 61, 254 

2.2- Dicarbomethoxy-3-ethyl-2,3-dihydro-l,3- 

thiazin-4-ones, from N- 
ethylisothiazoline and 
diazomalonoester, 66,148 

2,6-Dicarbomethoxy-4-iodopyridine, 

coupling with Cu(II)phenylacetylide, 
62, 397 

1.3- Dicarbonyl compound A-acylhydrazones, 

64, 304 

4.5- Dicarboxamidothiazol-2-yl C- 

nucleosides, 68, 310 

3.3- Dichloroazetidinones, 65,107 
gem-Dichloroaziridines, 65, 99 
7,10-Dichlorobenzo[6][l,7]phenanthroline, 

70,100 

Dichloro-p-benzoquinones, 67, 219 

2.6- Dichloro-9-[2- 

benzyloxyethoxymethyl]purine, in 
nucleoside synthesis, 69, 130 
4,4'-Dichloro-l,3(5)-bipyrazole, from 

chlorination of silver pyrazolate, 67, 21 
3,3'-Dichloro-4,4'-bi-l,2,5-thiadiazole, 67, 47 

1.4- Dichloro-2-butyne, in preparation of 

allenols, 69,171 

2,3-Dichloro-5,6-dicyanobenzoquinone, 
reaction with 9-diazofluorene, 65,134 

4.6- Dichloro-2,5-diformamidopyrimidine, 

alkylation to acyclonucleosides, 68, 50 

4.5- Dichloro-l-(2,3- 

dihydroxypropyl)pyridazin-6-one, in 
synthesis of acyclonucleosides, 69,181 

2,2-Dichloro-l,4-dioxane, conformations, 

69, 254 

rr<ms2,3-Dichloro-l,4-dioxane, 
conformations, 69, 254 
Dichloroglyoxime, precursor to 3,3'- 
biisoxazoles, 67, 23 

by reaction of acetylene with nitric oxide 
and nitrogen dioxide, 67, 24 
by reaction of acetylene with cyanogen 
N,N' -dioxide, 67, 24 

4.7- Dichloroisoquinoline, nickel catalysed 

reaction with methylmagnesium 
bromide, 62, 387 

Dichloroketene, 1,4-cycloaddition to 
enaminones, 67, 262 

4.5- Dichloro-2-methylthiopyrimidine, 

coupling with a-stannylated enol ethers, 
62, 235 


1.5- Dichloropentane, reaction with sodium 

telluride, 63, 3 

2.6- Dichloropurine, methoxy substitution on 

6-position, 68, 3 

2.5- Dichloropyrazine, dimethylation by 

trimethylaluminium, 62, 371 

2.6- Dichloropyrazines, double coupling with 

alkynes, 62, 322 

2.4- Dichloropyrimidine, coupling with 

stannanes, 62, 332 
reaction with stannanes/ 

tetrakis(triphenylphosphino)palladium, 
62, 334 

2.5- Dichloropyrimidine, coupling with 

stannanes, 62, 332 

4.5- Dichloropyrimidine, coupling with 

stannanes, 62, 334 

4.6- Dichloropyrimidine-5-acetaldehyde, in 

preparation of EHNA analogs, 68, 64 

2.3- Dichloroquinoxaline, production of 

annelated imidazo[2,l-6]thiazoles, 69, 

283 

10,10-Dichlorotelluraxanthene, 63, 35 

2.3- Dichlorotetrahydrofuran, use in 

alkylation of purines, 68, 53 
9,9-Dichloro-6,7,8,9-tetrahydro-4//- 
pyrido [ 1,2-a]pyrimidin-4-ones, 
conformational analysis, 63,113 

2.4- Dichlorothieno[2,3-d]pyrimidine, amine 

displacement reactions, 66, 219 
reaction with organolithium reagents, 65, 
250 

4.5- Dichlorothieno[2,3-d]pyrimidine, 65, 248 

2.4- Dichlorothieno[3,2-d]pyrimidine, 

reaction with nucleophiles, 65, 259 

2.4- Dichlorothieno[3,4-d]pyrimidine, 

reduction with sodium borohydride, 66, 
267 

reaction with nucleophiles, 65, 265 
reduction, 65, 265 

2.5- Dichlorothiophenes, reaction with 

carbenes, 65, 194 

Dichlorotriphenylphosphoranes, 64, 165 
S.V-Dicinnamylbenzothiazolethione, 66, 96 
Dictyolumazine, 70, 275 
Dictyopterin, see 2-amino-6-(D-r/ireo-l',2'- 
dihydroxypropyl)pteridin-4-one 
3,3'-Dicyano-4,4'-bicinnoline, 67, 65 
4,4'-Dicyano-l,l'-biisoquinoline, 67, 56 
1,2-Dicyanocyclobutene, as a dipolarophile, 
64, 35 
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3.5- Dicyano-2,6-dimethyl-4-phenyl-4//- 

pyran, X-ray crystal structure, 62,115 
/1,/3-Dicyanoethylene-f-anilines, ring closure, 
65, 19 

8.8- Dicyanoheptafulvenes, hydrolytic ring 

closure to furotropones, 64 , 121 

4.5- Dicyanoimidazole, reaction with 2-diazo- 

4,5-dicyanoimidazole, 67 , 29 

4.5- Dicyanopyridazine, reaction with 2,3- 

dimethylbuta-1,3-diene, 69,118 

4.5- Dicyclohexyl-l,3,2-dioxathiolane 2-oxide, 

X-ray analysis, 68,104 
1,3-Dideaza analog of EHNA, 68. 64 

7.8- Didemethyl-8-hydroxy-5- 

deazariboflavin, synthesis, 67 , 418 
2',3'-Dideoxyformycin, 70 , 244 

1,2-Dideoxy-D-glucofurano[l ,2-d] 
imidazolidin-2-ones, see la,4a,5,6- 
tetrahydro-6-hydroxy-5-[(2R)-l,2- 
dihydroxyethyl]-CTs-furo[2,3-d]imidazol- 
3-one 

1.2- Dideoxy-D-glucofurano[l ,2-d] 

imidazolidin-2-thiones, see la,4a,5,6- 
tetrahydro-6-hydroxy-5-[(2R)-l,2- 
dihydroxyethyl]-dr-furo[2,3-d]imidazol- 
3-thione 

9-[2'-,3'-Dideoxy-3 l -C-(hydroxymethyl))-/J- 
eryt/iro-pentafuranosyladenine, 
synthesis, 68, 152 

Dideoxyribavarin, synthesis, 67, 414 
Dienones, oxidation with iodosobenzene, 
69,8 

1.2- Diethoxycarbonyl pyrido[l,2,4)triazine, 

from diethyl azidodicarboxylate and 
Schiff bases from 3-aminopyridine, 61 , 
216 

2.5- Diethoxy, 2,5-dihydroxymethyl-1,4- 
dioxane, conformations, 69, 254 

2.5- Diethoxytetrahydrofuran, precursor to 

pyrroles, 64, 6 

Diethyl aluminium chloride, catalysis of the 
Beckmann rearrangement of oxime 
sulfonates, 67, 213 

2-Diethylalumino-l-methylpyrrole, coupling 
with a-D-glycofuranosyl fluorides, 68, 
247 

Diethyl aminomalonate, reaction with 1,3- 
diketones, 64, 12 

6- Diethylaminophthalazinedione, 61 , 158 

7- Diethylaminopropylamino-10- 

chlorobenzo[6][l,7]phenanthroline. 


synthesis and possible antimalarial 
activity,70,100 

Diethyl 2-aryl-5-ethoxy-5- 

me thyldihydrof uran-3,4-dicarboxy la te, 
65, 147 

1,3-Diethyl 2,7-di-t-butylthiophene-4,5- 
dicarboxylate, 65, 168 

A./V'-Diethyl a-diazoacetamides, 
decomposition, 65, 102 

3.5- Diethyl-l,4-dihydro-2,6- 

dimethylpyridinedicarboxylate, reaction 
with 1,3,5-triazinc. 68, 195 

3.5- Diethyl-2,6- 

dimethylpyridinedicarboxylate, reaction 
with dimethylformamide dimethylacetal, 
68, 194 

Diethyl 2,6-dimethyl-3,5- 

pyridinedicarboxylate, synthesis from 
ethyl 3-aminocrotonate. 67 , 269 

Diethyl 2,5-dioxo-l,4- 

cyclohexanedicarboxylate, reaction with 
anilines, 70, 96 

2,2-Diethyl-4,6-diphenyl-2//-pyran, reaction 
with organometallics, 62 , 85 

Diethyl(diphenyl)pyranyl phosphonate, 65, 
316 

Diethyl (4-isoquinolinyl)borane, arylation, 
62 , 368 

Diethyl(3-pyridyl)borane, 62 , 365 
coupling with alkenyl bromides, 62 , 368 
coupling with bromobenzenes, 62 , 368 
coupling with l-bromo-2-phenylethyne, 
62 , 368 

(rnnr-2,3-Difluoro-1,4-dioxane, 
conformations, 69, 254 

2-(2,2-Difluoroethenyl)pyridine from 2- 
iodopyridine and 2,2-difluoroethenyl 
zinc, 62 , 376 

Difluoromethyl acyclonucleosides, 68, 56 

4.5- Difluoro-7-oxo-2,3-dihydro-7H- 

pyrido[3,2,l-;y][2,l]benzoxaz.ine-8- 
carboxylate, displacement of 4-fluorine, 
69,98 

hydrolysis, 69 , 98 

9,10-Difluoro-7-oxo-,lW, 3 -H, 1H- 
pyrido[3,2,l-t/][3,l]benzoxazine-6- 
carboxylic acids, replacement of 10- 
fluoro atom, 70 , 37 

2,2'-Difluoro-4-penten-l-ol, in preparation of 
fluorinated acyclonucleosides, 67, 419 
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3.4- Diformylferrocene, reaction with 

acetone, 64 , 91 

3.4- Diformylfuran, reaction with acetone, 

64,91 

3.4- Diformylpyrrole, reaction with acetone, 

64,91 

4.5- Diformyltetraselenafulvalenes, 62, 

293 

4.5- Diformyltetrathiafulvalene, Wittig 

reaction, 62 , 261 

3.4- Diformylthiophene, reaction with 

acetone, 64 , 91 

3.4- Diglycosyl-l,2,5-oxadiazoles, 68, 330 

3.6- Diglycosyl-l,2,4,5-tetrazine C-nucleoside, 

68, 394 

Dihalogenophosphoranes, reaction with 
primary amines, 64 , 165 
1,1 -Dihalogenotellurachromanones, 

63,23 

10,10-Dihalogenotelluraxanthones, 63, 40 

4.5- Dihalotetrathiafulvalenes, 62, 286 

1.3- Diheterocyclohexanes, conformations, 

69, 401 

1.3- Diheterocyclohexenes, conformations, 
69, 401 

6.7- Dihydro-3-aryl-5W-imidazo[2,l-e]r- 

triazoles, 63, 301 

4.5- Dihydroazepines, 64 , 35 
Dihydroazepinoquinolines, 68, 215 
Dihydroazepinoquinoxalines, 68, 215 
Dihydrobenzamido-l,3-thiazine-4-ones, 66, 

166 

2.3- Dihydrobenzofurans, 65,139 
Dihydrobenzofurans, 67, 219 

from dichloro-p-benzoquinones and 2- 
[(arylamino)methylene] 
cyclohexanones, 67, 219 

5.6- Dihydrobenzo[6]furan-7(4//)-one, 63, 
370 

2,3-Dihydrobenzofurans, synthesis, 69,17 
Dihydrobenzo[c]phenanthridin-6(5//)-one- 
precursor to nitidine, 67 , 368 
synthesis, 67 , 368; 67 , 370 
Dihydrobenzo[6][l,10]phenanthrolines, 70 , 
106 

7,13-Dihydro-6//[l]bcnzopyrano[3,4-c] 

[1.5] benzothiazepines, 63, 94 
6a,7-Dihydro-6H[l]benzopyrano[3,4-c] 

[1.5] benzothiazepine, 63, 95 
5a,ll-Dihydro-13H-[l]benzopyrano[2,3-6] 

[1.5] benzothiazepin-13-ones, 63, 93 


2.3- Dihydro-l ,3-benzothiazin-4-thiones, 66, 

156 

oxidation to 2,3 dihydro-1,3-benzothiazin- 
4-ones, 66, 159 

4.5- Dihydrobenzothiophene-7(6//)-one, 

reaction with isatins, 70,144 

6.7- Dihydrobenzothiophen-4(5//)-one, 

Vilsmeier-Haack formylation, 70, 142 
reaction with isatins, 70, 142 
6a,7-Dihydro-6//[l]benzothiopyrano[3,4-c] 

[1.5] benzothiazepine, 63, 96 

1.2- Dihydro-4//-3,l-benzoxazines, mass 

spectra, 69, 439 

4'-,5'-Dihydro-l ,2'-biimidazole, 67, 28 

7.8- Dihydrobiopterin, 70, 266 
Dihydrocarbazol-4(5//)-ones, 67, 239 

3.4- Dihydrocoumarins, synthesis, 69, 51 

5.6- Dihydro-6-demethoxyacronycine, 70,133 

3.4- Dihydro-2-(3,4-dimethoxyphenyl)-6,7- 

methylenedioxy-(2//)-naphthalone, in 
synthesis of nitidine, 67, 350 

2.3- Dihydro-3-dimethylaminomethyl-4//-l- 

benzopyran-4-one, reaction with 2- 
aminothiophenol, 63, 94 

2.3- Dihydro-2,2-dimethyl-13-benzothiazine- 

4-one, 66, 172 

2.3- Dihydro-2,2-diphenylthieno[2,3-6] 

pyridine, 68, 206 

a-and /3-Dihydro-N-ethyl showdomycins, 
preparation, 68, 240 

4.5- Dihydrofuro[2,3-c]acridines, 70,150 
dehydrogenation, 70,151 

3a,9-Dihydro-lH, 3H-furo[3,4-6] 

[1.5] benzothiazepin-l-one, 63, 68 
4,10-Dihydro-l//, 3H-furo[3,4-c] 

[1.5] benzothiazepin-l-one, 63, 69 

2.3- Dihydrofurotropone, 64,100 

8.9- Dihydro-ll-hydroxyascididemin, 70, 96 

2.3- Dihydro-7-hydroxy-l,4-benzothiazine-3- 

carboxylic acid, 64, 52 

3.4- Dihydro-3-(2-hydroxyethyl)thieno[3,2-4] 

pyrimidin-2(l//)-one, 66, 240 

3.4- Dihydro-3-(2-hydroxyethyl)thieno[3,4-4] 

pyrimidin-2 (1H )-one, 66, 262 
2,3-Dihydro-4-(2-hydroxyphenyl)l,5- 
benzothiazepines, 63, 95 
cis-6,7-Dihydro-7-hydroxypyrrolo[2,l-6] 

[1.5] benzothiazepines, 63, 67 
activity on the benzodiazepine receptor, 

63, 67 
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23-Dihydro-l//-imidazo[l,5-n] 
benzimidazole, 64 , 193 
Dihydro-6//-imidazo[2,l-6] 
[l,3,4]thiadiazolo[3,2-«] 
pyrimidinones, 69 , 312 
Dihydroimidazo[2,l-6]thiazolium ylides, 
reaction with dimethyl acetylene 
dicarboxylate, 69 , 328 

5.6- Dihydro-2-imino-3-phenyl-l,3-thiazin-4- 

one, 66,154 

Dihydroindolones, 67, 238 

4.5- DihydroisoxazoIes, ring opening, 67 , 221 
l,9-Dihydroisoxazolo[4,3-c]quinolines, 64 , 

207 

1.2- Dihydro-2-methyl-3-phenyl-4(3// )- 

oxothieno[3,2-d]pyrimidine, 65, 260 

5.7- Dihydro-2-methylthieno[3,4-d] 

pyrimidin-4(3/f)-one, 66, 267 

6.7- Dihydro-2-methylthiothieno[3,2-d] 

pyrimidin-4(3//)-one, 66, 245 
reaction with o-toluidine, 66, 248 
Dihydronaphthalenopyrrolinediones, [44 2]- 
cycloadditions, 67 , 367 

l,4-Dihydro-l,6-naphthridones, 67 , 300 
Dihydronitidine, synthesis, 67 , 367 

7.8- Dihydro-l,4-oxathiocins, by carbene 

reactions, 65, 194 

Dihydrooxazines, reaction with nitrile oxides, 
69,454 

Dihydro-1,3-oxazines, 69 , 363 
synthesis, 69 , 374 
hydrolysis, 69 , 451 

5.6- Dihydro-4//-l,3-oxazines, mass spectra, 

69 , 439 

5.6- Dihydro-47/-l ,3-oxazinium salts, 64 , 358 
spectra, 64 , 362 

2.3- Dihydro-6//-l,4-oxazin-2-ones, 64 , 33 

1.2- DihydrooxazoIo[2,3-6]thieno[3,4-(i] 

pyrimidin-5-one, 66, 267 

2.3- Dihydrooxazolo[3,2-a]thieno[3,2-d] 
pyrimidin-5-one, ring opening, 66, 252 

2.3- Dihydrooxazolo[3,2-n]thieno[3,4-d] 

pyrimidin-5-one, 66, 268 

3.4- Dihydro-3-oxo-2-phenyI-2//-l-pyran, 65, 

156 

5.6- Dihydro-2-phenyI-4-substituted- 

aminothieno[2,3-d]pyrimidine, 66, 206 
(±)-Dihydropinidine, 69 , 122 
Dihydropyran, ring contraction, 69 , 68 

3.4- Dihydro-2//-pyran-2-ones, 67, 262 


Dihydro-4-pyranones, 67 , 263 
Dihydropyrans, from ethyl vinyl ethers, 67 , 
261 

4.5- Dihydro-l//-pyrazolo[3,4-/>] 

[l,5]benzothiazepines, 63 , 76 

I, 116-Dihydropyridazino[6,l-a]isoquinoline, 

thermal dehydrogenation, 69 , 100 
Dihydropyridines, from alkyl 3- 
aminocrotonates, 64 , 31 
Dihydropyridine nucleosides, formation, 67, 
275 

3,4-Dihydropyrido[l ,2-a]benzimidazoles, 
from cyclodehydration of enaminones, 
67, 259 

7.9- Dihydro-6/f-pyrido[2,l-d] 

[1.5] benzothiazepines, 63, 86 

5.6- Dihydropyrido[2,3-b] 

[1.5] benzothiazepin-5(6//)-one, 63 , 83 
structure, 63 , 84 

6.7- Dihydro-l/f, 3 H, 57/-pyrido[3,2,l-iy] 

[3,1 ]benzothiazine-l 3-thione, reaction 
with 1,3-diaminopropane, 70,41 

6.7- Dihydro-lW, 3 -H, 5«-pyrido[3,2,l- ( y] 

[3,l]benzoxazine-3,7-dione, reduction, 
70 , 35, 54 

II, ll,o-Dihydro-6«, 10W-pyrido[l,2-c] 

[l,3]benzoxazin-6-one, separation of 
enantiomers, 70 , 6 
UV and CD spectra, 70 , 8 
Dihydro-4-pyridones, from isoxazoline-5- 
spirocyclopropanes, 67 , 276 

2.3- Dihydro-4//-pyrido[l,2-6][l,2]oxazinium 

bromide,69 , 110 
hydrogenation, 69 , 96 

3.4- Dihydro-2//-pyrido[l,2-u]pyrimidines, 

basicity, 63,106 

Dihydropyrido[3,4-a]pyrimidinediones, 
preparation, 68,189 

2.3- Dihydro-lW-pyrido[l,2-c]pyrimidine-l,3- 

diones, alkylation of nonbridgehead 
nitrogens, 70 , 43 

3.4- Dihydro-2//-pyrido[l,2-a]pyrimidin-2- 

one, reaction with phosphorus 
trichloride, 63, 240 
as a base, 63, 241 

use in detection of bilirubin in body fluids, 
63, 242 

6.10- D ihydro-6//-pyrido[3' ■-2 
,5,6]pyrimido[2,l-c][l,2,4]triazin-5-one, 
61, 241 
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Dihydropyrido-l,4-thiazines, loss of sulfur, 
65,59 

Dihydropyridotriazines, preparation and 
reduction, 61 , 217 

5.6- Dihydropyrimido[4,5-f>] 

[1.5] benzothiazepine-2,4(l/J, 3 H)- 
diones, 63, 86 

5,ll-Dihydropyrimido[5,4-c] 

[1.5] benzothiazepine-2,4(l H, 3 H )- 
diones, 63, 87 

6.7- Dihydro-27/-pyrimido[6,l -a] 

isoquinolines, catalytic reduction, 70 , 43 

6.7- Dihydro-2//-pyrimido[6,l-fl]isoquinolin- 
2-one, 70 , 66 

Dihydropyrroles, preparation, 69, 28 

4.5- Dihydropyrrolo[2,3-c]acridines, 70 , 139 

2.3- Dihydro-l/f-pyrrolo[l,2-fl]benzimidol-l- 
one, 64, 192 

4,10-Dihydro-1 H-pyrrolo[3,4-c] 

[1.5] benzothiazepin-l,3-diones, 63 , 65 
8,9-Dihydropyrrolo[2,l-d] 

[1.5] benzothiazepine-7,10[6a,7a//j- 
dione 5,5'-dioxides, 63 , 66 

6.7- Dihydro-13//-quinazolino[2,3-d] 

[1.5] benzothiazepin-13-ones, 63 , 96 

5.6- Dihydroquinolin-8(7J/)-ones, 70 , 106 
Dihydro-2-quinolones, synthesis from acrylic 

esters and enaminones, 67 , 279 

3.4- Dihydro-6-(/3-D- 
ribofuranosyl)pyrrolo[l,2-a]pyrazine, 

70 , 277 

(R)-and (s )-Dihydroshowdomycin, synthesis, 
68, 239 

1.2- Dihydro-2-spirothieno[2,3-4]pyrimidine- 
4(3H)-thiones, 65, 249 

7.8- Dihydro-6-(D-arabmo-tetritol-l- 
yl)pteridin-2,4-dione, 70 , 274 

4.5- Dihydrotetrazolo[5,l-4] 

[1.5] benzothiazepines, 63 , 83 
binding to the benzodiazepine receptor, 

63, 83 

2.7- Dihydro-l,4,5-thiadiazepines, conversion 

to pyridazines, 65 , 51 

Dihydro-l,3-thiazin-4-ones, preparation, 69, 
384 

1.2- Dihydro-5//-thiazolo[2,3-rf] 

[1.5] benzothiazepin-5-one, 63 , 79 
Dihydrothiazolo[3,2-h][l,2,4]triazole, 69 , 323 

4.5- Dihydrothieno[2,3-c]acridine-6- 

carboxylic acids, 70 , 142 


4.5- Dihydrothieno[2,3-6] 

[1.5] benzothiazepines, 63 , 71 
Dihydrothieno[3,2-c]pyridazine, 63 , 388 

3.4- Dihydrothieno[2,3-d]pyrimidine, 65, 252 

5.6- Dihydrothieno[2,3-d]pyrimidine, 66, 219 

5.6- Dihydrothienopyrimidine-2(l//),4(3//)- 

dione, 66,197 

3.4- Dihydrothieno[3,4-d]pyrimidin-2(l H )- 

one, 66, 261 

2.3- Dihydrothieno[3,2-e]-l,3-thiazin-4-ones, 

66,165 

4.5- Dihydro-3-(2-thienyl)-oxazol-2-ones, 

cyclisation, 66, 202 

1.4- Dihydro-l,2,4-triazino[4,3-6] 

[U,4,5]tetrazine, 64, 224 

4.5- Dihydro[l,2,4]triazolo[3,4-d] 

[1.5] benzothiazepine, 63, 79 

4.5- Dihydro[ 1,2,4] triazolo[5,1 -4] 

[1.5] benzothiazepine-6,6-dioxide, 63 , 81 
2H-4,5-Dihydro[l,2,4]triazolo[3,4-d] 

[1.5] benzothiazepin-l-one, 63, 79 

4,5-Dihydro[ 1,2,4] triazolo[3,4-4] 

[1,5 ]benzothiazepin-l (2H) -thione, 

63,81 

5,10-Dihydro[l,2,4]triazolo[5,l-6] 
quinazolines, 64, 219 

Dihydrotropolones- trapping by azides, 64 , 
114 

1,3-Dihydroxyacridin-9(10H) -one, 70 , 132 
4,4'-Dihydroxy-l,l'-biphthalazine, 67 , 66 
4,4'-Dihydroxy-2,2'-biquinazoline, 67 , 66 
9-(l,4-Dihydroxybut-2-oxy)purines, 69 , 164 
9-(2',4'-Dihydroxybutyl)adenosine, 69 , 154 
(r, )-9-[3,4-Dihydroxybutyl]guanine, antiviral 
activity, 67 , 393 
2-[(3S)-3,4-Dihydroxybutyl]-3- 
methylquinoxaline, 70 , 284 
2(R),3(R)-0-protected- 

Dihydroxybutyrolactone, in preparation 
of acyclonucleosides, 68, 74 
cii-l,2-Dihydroxy-l,2-dihydroacronycine, 

70 , 135 

rra/ii-l,2-Dihydroxy-l,2-dihydrocitracridone 
I, 70 , 127 

(-)-crs-l ,2-Dihydroxy-l ,2-dihydro-de-V- 
methylacronycine, 70 , 127 
fra/w-2,5-Dihydroxy-l,4-dioxane, 
conformations, 69, 252 
l-[(lR)-2-Dihydroxyethyl]-3- 

hydroxymethyl-9-//-pyrido[4,3-h]indole, 
69 , 173, 70 , 175 
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6,6'-Dihydroxyindigo, oxidation to indigo, 
67, 14 

2,4-Dihydroxy-7-methoxy-l,4-benzoxazin-3- 
one, tautomerism, 64, 258, 64, 281 

1.3- Dihydroxy-10-methyl-9(10//)-acridone, 

70, 136 

fusion with 3-amino-3-methylbut-l-yne, 
70, 102 

in synthesis of isoacronycine, 70, 138 
in preparation of rutacridone, 70, 148 

2.3- Dihydroxy-10-methylacridin-9(10//)- 
one, reaction with 3-chloro-3-methylbut- 
1-yne, 70, 137 

an/iydro-3,4-Dihydroxy-2-methyl-5,6,7,8- 
tetrahydropyrido[ 1,2-6]pyridazinium 
hydroxide, O-acylation, 69,105 

1.2- Dihydroxynoracronycine, synthesis, 70, 

129 

3.4- Dihydroxyproline, 64, 16 

2.3- Dihydroxypropoxy acyclonucleosides, 

preparation, 69, 162 
l-[l,3-Dihydroxy-2-propoxy)methyl]-6- 
azaisocytosine, synthesis, 69, 197 
9-[(l ,3-Dihydroxy-2- 

propoxy)methyl]guanine, antiviral 
activity, 67, 393 
(s)-9-[2,3- 

Dihydroxypropoxy)methyl]guanine, 
antiviral activity, 67, 393 
(5)-9-(2,3-Dihydroxypropyl)adenine, 

synthesis and biological activity, 69,175 
(J?)-9-(2,3-Dihydroxypropyl)adenine, 

synthesis and biological activity, 69,175 
l-(2,3-Dihydroxypropyl)benzamidazole, 69, 
175 

8-[(W)-2,3-Dihydroxypropyl]imidazo[l,5-fl]- 
l,3,5-triazin-(3ff)-ones, synthesis, 69, 
181 

(2'S)-3'-(2',3' -Dihydroxy propyl) 

pyrazolo[4,3-d]pyrimidines, 70, 248 

2.3- Dihydroxypropyluracil, antiviral activity, 

67, 393 

7,8-Dihydroxy-4//-pyrido[l,2-fl]pyrimidin-4- 
one, 63, 178 

1,1-Dihydroxy-l-telluracyclohexane, 63, 5 
Dihydroxytelluranes, 63, 49 

6.7- Dihydroxy-l,2,3,4-tetrahydroisoquinolin- 

1-yl C-nucleosides, 70, 210 
C-nucleosides, 70, 209 

6.7- Dihydroxy-5,6,7,8- 

tetrahydropyrazino[2,3-e] 

[l,2,4]triazines, 61, 268 


Dihydroxytropylium ions, 66, 329 
Diimidazo[l,5-a:l'-,5'-4]pyrazine-5,10- 

diones from imidazole carboxylic acid, 
61,193 

reaction with hydrazides, 61, 193 

2,4-Diimino-l,3-diazetidine, 64,184 
3,3'-Diindolyl selenide, as precursor of 3,3'- 
biindole, 67, 15 

1.3- Diiodobenzene, reaction with 2- 

acylanilines, 70, 92 

1.4- Diiodobenzene, reaction with 

aminoacetophenone, 70, 93 

1.1- Diiodo-3,5-naphtho-l- 

telluracyclohexane, 63, 4 

3.5- Diiodo-4(lH)pyridone, coupling with 

phenylethynyl copper, 62, 396 

2.4- Diiodopyrimidine, coupling with alkynes, 

62, 320 

4.5- Diiodopyrimidines, coupling with 

alkenes, 62, 311 

1.1- Diiodo-l-telluracyclohexane, 63, 4 

by oxidation of 1-telluracyclohexane, 63, 5 
reduction, 63, 5 
hydrolysis, 63, 5 

Diisobutylaluminium hydride, in reduction of 
ribofuranosyl moiety of nucleosides, 

69, 193 

4,4’-(5'-)-Diisocyanatotetrathiafulvalene, 
formation of polymers with diols, 62,266 
2,3:5,6-Diisopropylidene-D-mannitol, 
conversion to sulfite, 68,115 

2.2- Diisopropyl-5-(2'-uracilyl)-l,3-dioxane, 

conformations, 69, 238 
Diketene, reaction with N-( 2'- 
pyridyl)formamidates, 63,153 
13-Diketone dioximes, ring chain 
tautomerism, 66, 21 

1.3- Diketone hydrazides ring chain 

tautomerism, 66, 63 

1,3-Diketone monoacylhydrazones ring chain 
tautomerism, 66, 46 

1,3-Diketone monobenz or 

monoacetamidrazonium salts ring chain 
tautomerism, 66, 30 

1,3-Diketone thiobenzoylhydrazones ring 
chain tautomerism, 66, 48 
2,2'-Dilithiodiphenylmethane, reaction with 
tellurium, 63, 36 

4,4'-(5'-)-Dilithiotetrathiafulvalenes, 62, 

280 
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Dimedone- precursor to 4//-pyrans, 62 , 39 
reaction with arylhydroxylamines, 67 , 211 
Dimethoxybenzocyclobutenedione, 61 , 173 

6,7-Dimethoxy-2ff-l,3-benzoxazine, reaction 
with dimethyl acetylenedicarboxylate, 
70 , 62 

7,7'-Dimethoxy-l,l'-biisoquinoline, rhodium 
complexes, 67 , 57 

3,3'-Dimethoxy-4,4'-bipyridazine, 67 , 59 
3,3' -Dime thoxy-5,5' -bi-1,2,4-triazine, Diels- 
Alder reactions, 67 , 69 
7,7'-Dimethoxy-2,2'-bitroponyls, 64 , 118 
Dimethoxycarbene, reaction with acylimines, 
65, 181 

4.5- Dimethoxycarbonylpyrazol-3-yl C- 

nucleosides, 70 , 235 

9.10- Dimethoxy-6,7-dihydro-2/7- 

py rimido[6,1 -a]isoquinolin-2-one, 
hydrolysis, 70 , 42 
reaction with POCl 3 , 70 , 44 

2,4-Dimethoxy-5,6-dimethylpyrimidine, 
lithiated derivatives in synthesis of 
acyclonucleosides, 69 , 201 

2.2- Dimethoxyoxane, ring inversion, 69, 258 

1.2- (Di-p-methoxyphenyl)imidazo[2,l-6] 

oxazoles, 69, 273 

2.2- Dimethoxy-3,4-di-(tri- 

isopropylsilyl)furan-2-one, 65 , 153 

9.10- Dimethoxy-l,2,4,5,6,llb- 
hexahydro[l,3]oxazino[4,3-a] 
isoquinoline, ring opening, 70, 32 

9.10- Dimethoxy-l,3,4,6,7,116-hexahydro- 
2//-pyrimido[6,l-a]isoquinoline, 
hydrolysis, 70, 42 

9.10- Dimethoxy-l,3,4,6,7,116-hexahydro- 
2//-py rimido [6,1 -a]isoquinoline-2,4- 
dione, reduction, 70 , 42 

9.10- Dimethoxy-l,2,3„6,7,116-hexahydro- 
47/-pyrimido[6,l-a]isoquinolin-4-one, 
preparation, 70 , 43 

2.3- Dimethoxy-3-hydroxyflavanones, by 

oxidation of flavonols, 69, 73 

9.10- Dimethoxy-l-hydroxymethyl~4- 
(substituted imino)-l,2,4,6,7,116- 
hexahydro[l,3]thiazino[4,3-6] 
isoquinolines, reaction with amines, 
70,41 

2.6- Dime thoxy-4-hydroxy-2 ’ - 

nitrobenzophenone, reaction with 3- 
chloro-3-methylbut-l-yne, 70,132 


9.10- Dimethoxy-2-imino-3-propyl- 
l,2,4,6,7,116-hexahydropyrimido[6,l-a] 
isoquinolin-4-one, 70, 64 

2.4- Dimethoxy-5-iodopyrimidine, coupling 

with alkynes, 62, 320 

4.4- Dimethoxyisopyrazoles, 65, 174 

2.4- Dimethoxy-5-lithiopyrimidine, reaction 

with tri-O-benzoyl-n-ribofuranosyl 
chloride, 68, 358 

2.4- Dimethoxy-6-methylpyrimidine, reaction 

with aldehydes, 68, 375 

3.3- Dimethoxy-2-pentanol, oxidative 

cyclisation, 69, 57 

2-[2'-(3'-'-,4'-'-Dimethoxyphenyl)ethen-r- 
yl)-5-(4'-methoxyphenyl)oxazole, 64, 
189 

9.10- Dimethoxy-4-phenyl-l,3.4,6,7,116- 
hexahydro-2H-pyrido[6,l-a] 
isoquinolines, ’H NMR spectra and 
conformations, 70, 28 

5.5- Dimethoxy-3-phenylperhydropyrido 

[12-c][l,3]oxazine, NMR spectra, 70,11 

7.7- Dimethoxy-3-phenylperhydropyrido 

[U-c][l,3]oxazine, NMR spectra, 70,11 

3.3- Dimethoxy-l-phenylpropanone, 

preparation, 69, 7 

2-(3,4-Dimethoxyphenyl)-4//-pyrido[l,2-a] 
pyrimidin-4-one, 63, 206 

9.10- Dimethoxy-4-phenyl-l,6,7,116- 
tetrahydro-2H-pyrido[6,l -a] 
isoquinolines, l H NMR spectra and 
conformations, 70, 28 

hydrolysis, 70, 42 

2,2-Dimethoxy-2H-pyrans, preparation by 
flash vacuum pyrolysis, 62, 66 

2.4- Dimethoxypyrimidin-5-yl C-nucleoside, 

synthesis and anti-leukemic activity, 68, 
369 

2.6- Dimethoxy-2-pyrone, reaction with 

lithium enolates, 65,301 
photosensitised reaction with acrylonitrile, 
65,324 

5.8- Dimethoxyquinolin-4-yl triflate, in 

synthesis of amphimedine, 70, 117 

2.4- Dimethoxy-7-a-D- 

ribofuranosylpyrrolo[3,2-d]pyrimidine, 
70, 223 

9.10- Dimethoxy-3-substituted-l,3,4,6,7,116- 
hexahydro-2T/-pyrimido[6,l -a] 
isoquinolinones, reduction, 70, 42 
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9.10- Dimethoxy-2,3,6,7-tetrahydro-4H- 
pyrimido[6,l-a]isoquinoline-2,4-dione, 
reduction with Mg in methanol, 70, 43 

reaction with POCl 3 , 70, 44 

9.10- Dimethoxy-3,4,6,7-tetrahydro-2H- 
pyrimido[6,l-a]isoquinolin-2,4-dione, 
reaction with P 4 S 10 , 70, 46 

70,66 

5,7-Dime thoxy-1,2,3,4-tetrahydroquinolin- 
2(ltf)-one, 70, 129 
3,6-Dimethoxy-l,2,4,5-tetroxane, 
conformations, 69 , 257 
Dimethyl 2-acetyl-5-ethylfuran-3,4- 
dicarboxylate, 65 , 149 
Dimethylaminoazaazulenes, 66, 376 
2-DimethylaminobenzenesulfonyI azide, 
thermolysis, 65 , 29 

9(N,N-Dimethylaminocarbonyl)-6-methyl- 
tetrahydro-4//-pyrido[l,2-a]pyrimidin- 
4-ones, tautomerism, 63 , 114 
9-Dimethylaminocarbonylthio)-4H- 

pyrido[l,2-a]pyrimidin-4-one, 63 , 143 
4-Dimethylamino-5,6-dihydro(4//)-l,3- 
thiazines, 65 , 55 
6-(Dimethylaminoethyl) 

benzo[c]phenanthridines, synthesis, 67, 
360 

1.2- Dimethyl-5-aminoimidazole, from ethyl 
A-(cyanomethyl)acetamidate and 
methylamine, 61, 29 

l-Dimethylamino-2-methyl-6,7-dimethoxy- 
1,2,3,4-tetrahydroisoquinoline, 
formation, 70, 42 

1- (A',A'-Dimethylaminomethyl)naphth-2-ol, 

reaction with 5-aminoindole, 70,139 

2- Dimethylamino-3-methyl-2,4,6-triphenyl- 

4/7-pyran, conversion to pyridine, 62 , 70 
reaction with methanol, 62 , 89 
2-Dimethylaminooxane, 15 N NMR and 
conformations, 69 , 227 
6-Dimethylamino-2- 

phenyloxazolo[d]tropylidene, 
spontaneous rearrangement, 66, 383 
4(4'-Dimethylaminophenyl)tellurapyrylium 
borotetrafluoride coupling with 
bromine, 63 , 47 

1.3- Dimethyl-6-(2-aminophenylthio)uracil, 

precursor to 5,6-dihydropyrimido[4,5-6] 
[ 1,5Jbenzothiazepin-2,4( 1 //, 3//)diones, 
63 , 86 


7-Dimethylaminopropylthiobenzo 
[6][l,10]phe nanthrolines, 70 , 105 
2-DimethyIamino-2//-pyrans, from 1,3- 
dicarbonyls and /J-dimethylamino-«,/J- 
unsaturated aldehydes, 62 , 26 
tautomerism, 62 , 76 
conversion to benzenes, 62 , 93 
2-Dimcthylamino-4/7-pyrans, aromatisation, 
62 , 68 

2-Dimethylamino-6-(L-t/treo-tetritol-l- 
yl)pteridin-4-one, 70 , 270 
4-Dimethylaminotoluene, reaction with N- 
methylformanilide and phosphoryl 
trichloride, 65 , 26 

1.3- Dimethyl-6-aminouracil, Nenitzescu 

reaction, 67, 238 

3.5- Dimethyl-4-aryl-l,4-dihydro-2,6- 

dimethylpyridinedicarboxylate, 
bromination and cyclisation, 68, 196 

2.5- Dimethyl-3,6-arylimidazo[2,l-6] 
thiazoles, 69 , 283 

1.3- Dimethyl-6-azalumazines, 61, 242 
N,N'-Dimethylbarbituric acid, Pd(0) 

catalysed alkylation as a means of 
removing diallyl groups from protected 
amines, 66,116 

6,8-Dimethylbenzotropylium ion, uv 
spectrum, 66, 319 

10,10'-Dimethyl-9,9'-biacridine dinitrate salt, 
chemiluminescence, 67, 58 
1,1 '-Dimethyl-2,2'-bibenzimidazole, 

coupling of 1-methylbenzimidazole with 
metallating agents and dichlorocarbene, 
67 , 38 

2,2'-Dimethyl-l,l'-bibenzimidazole, from 
o,o'-azoaniline, 67 , 37 
spectra, 67 , 38 
X-ray structure, 67 , 38 
2,l'-Dimethyl-l,2'-bibenzimidazole, from 2- 
methylbenzimidazole and 1- 
methylbenzimidazole-2-sulfonic acid, 

67 , 37 

l,l'-Dimethyl-2,2'-biindole, X-ray structure, 
67 , 16 

reaction with dienophiles, 67 , 16 
A,,V'-DimcthyM,l'-biisoquinoline- X-ray 
structure, 67 , 57 

3,3'-Dimethyl-5,5'-biisoxazole, 67 , 25 
6,6'-Dimethyl-2,2'-bipyrazine, X-ray 
structure, 67 , 64 
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l,l'-Dimethylbipyrazoles, 67, 22 
4,4'-Dimethyl-l,3(5)-bipyrazole, from 

bromination of 4-methylpyrazole, 67,21 
lV,A/'-Dimethyl-3(5),4'-bipyrazoles, 67, 22 
2,2'-Dimethyl-4,4 , -biquinoline, 67, 54 
4,4'-Dimethyl-2,2'-biquinoline, from o-(2- 
propenyl)aniline, 67, 53 
by catalytic oxidation of 4- 
methylquinoline, 67, 53 
4,4'-Dimethyl-2,2'-bithiazole, solid state 
structure, 67, 36 

3,5'-Dimethyl-l,3'-bi-l,2,4-triazoles, 67, 42 
(V,V-Dimethylcarbamoylthio-4//-pyrido 
[l,2-a]pyrimidin-4-one, 63, 210 
reaction with 2-nitrophenyl sulfenyl 
chloride, 63, 212 

2,3-Dimethylchroman-5,7-diol, condensation 
with anthranilic acid, 70,129 

2.2- Dimethylchromenes, enantioselective 

epoxidation, 69, 8 

2.3- Dimethylchromones, preparation, 69, 72 

3,6-Dimethyl-2-cyano-4/7-pyran- 

decomposition, 62, 87 

1.3- Dimethyl-2'-deoxypseudouridine, 68,371 

5.5- Dimethyl-l,3,5-diazaphosphorinane 

iodide, from 1,3,5-diazaphosphorinane 
and methyl iodide, 61, 77 
Dimethyl dibenzofuran-l,2-dicarboxylate, 

63, 343 

2-Dime thyl-3,5-dicarboethoxy-l,4- 

dihydropyridine-4-carboxylic acids- 
rearrangement to pyrroles, 67, 228 

2.2- Dimethyl-5,5-dicarbethoxy-l,3-dioxan- 

4,6-dione, conformations, 69, 247 

Dimethyl dihydrogen 5,6,7,8-tetrahydro- 
4a//-pyrido[l,2-6]pyridazine-5,6,7,8- 
tetracarboxylate, reaction with 
diazomethane, 69,107 

1.3- Dime thyl-6,7-dihydroisothiophene- 

4(577)-one, 70, 145 

Dimethyl l,3-l//-dihydro-2-phenyl-pyrazole- 

3,4-dicarboxylate, 65, 174 

2.3- Dimethyl-4,5-dihydrothiopheno[3,4-c] 

acridine-6-carboxylic acids, 70, 145 
1,1' -Dimethyl-4,5 ’-dinitro-2,2' -biimidazole, 
structure, 67, 30 

5.5- Dimethyl-l,3-dioxan-4,6-dione, 

conformations, 69, 247 

4.6- Dimethyl-l,3-dioxane, existance as 2,5- 

twist-boat conformation, 69, 231 


4.5- Dimethyl-l,3,2-dioxathiolane 2,2- 

dioxide, mass spectra, 68, 102 
electrochemical reduction, 68, 166 

4.5- Dimethyl-l ,3,2-dioxathiolane 2-oxide, 

thermal rearrangement, 68, 124 

2.2- Dimethyl-l,3-dioxin-4-ones, 

[2+4]cycloaddition to picolinoyl azide, 
63, 140 

l,T-Dimethyl-A/,A' , -dioxo-3,3’- 

biisoquinoline, X-ray structure, 67, 57 

1.2- Dimethyl-4,5-diphenylpyrrole-3- 

carboxylate, 65, 124 

Dimethyl l,4-diphenyl-l-(A'-pyrrolidino)l,3- 
butadiene-2,3-dicarboxylate, cyclisation, 

65, 4 

2.6- Dimethyl-3-ethyl-4/7-pyrido[l,2-u] 

pyrimidin-4-one, electrochemistry, 63, 

237 

2.4- Dimethyl-3-fluoroquinoline, 65,132 

5.7- Dimethylfuro[6]tropylium ions, uv 

spectra, 66, 319 

1.1- Dimethyl-4-hydroxy-2,3,4,4a, 5,10- 

hexahydro-l/7-pyrimido[6,l-a] 
isoquinoline, 70, 66 
Dimethyl cw-l-hydroxy-4- 

hydroxymethylcyclopropen-2-ene 
dicarboxylate, 66,120 

2.2- Dimethyl-5-hydroxymethyl-5-nitro-l,3- 
dioxane, conformational equilibria, 69, 

238 

2,12-Dimethyl-6-hydroxypyrano[2,3-c] 
acridine-3,7(12//)-dione, 70, 136 

2.4- Dimethyl-9-hydroxypyrido[l,2-a] 

pyrimidinium perchlorate, spectra, 63, 
108 

1.3- Dimethylimidazolidine, ring chain 

tautomerism, 66, 23 

2.4- Dimethyl-imidazo[2,l-6] 

[l,3,4]thiadiazoles, 69, 318 
Dimethyl indole-6,7-dicarboxylate, 63, 346 
Dimethyl indol-3-ylfumarate, reaction with 
tetracyanoethylene, 63, 374 

2,6-Dimethyl-5-iodopyrimidine, coupling 
with alkynes, 62, 320 

3.5- Dimethylisoxazole, precursor to 3'- 

methyl-4,5'-biisoxazole, 67, 24 
V-(3,5-Dimethylisoxazol-4-yl)thiourea, 
reaction with a-chloroketones, 69, 286 
Dimethylketene methyl trimethylsilyl acetal, 
in /3-lactam synthesis, 64, 5 
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l,3-Dimethyl-6-mercaptouracil, reaction with 
chloroacetaldehyde, 66, 214 

2.2- Dimethyl-5-methoxycarbonyl-27/-pyran, 

62, 29 

Dimethyl 3-methoxy-2,3-dihydrobenzofuran- 

1,2-dicarboxylate, 63, 343 

1.5- Dimethyl-7-methoxy-l,2,3,4,5,10- 
hexahydro-4a77-pyridazino[ 1,6-6] 
isoquinoline, 69, 117 

conformation by IR spectroscopy, 69, 94 
mass spectroscopy, 69, 95 
3,7-Dimethyl-5-methoxy-l-phenylthio- 
l,2,3,4-tetrahydro-2- 
oxobenzo[6][l ,8]phenanthroline, 70, 111 

1.3- Dimethyl-6-methylmercapto-/V- 

phenylpyrrolo[d]tropylium salt, reaction 
with malononitrile, 66, 384 

6.6- Dimethyl-3-methylthio-6,7- 

dihydro[l,2,4]triazino[l,6-c]quinazolin- 
5-ium-l-olate, preparation and crystal 
structure, 61, 266 
3,10-Dimethyl-7-methylthio-6,8,9- 
triazaisoalloxazine, 61, 270 

2.7- Dimethyl-l,8-naphthyridin-4-one, 63,231 
Dimethyl 2(4-nitrophenyl)benzofuran-4,5- 

dicarboxylate, 63, 341 

1.2- Dimethyl-3-(o-nitrophenylthio)indole, 

precursor to indolo[2,3-c] 
[l,5]benzothiazepines, 63, 90 

2.3- Dimethyloctahydro-277-l,3- 

benzoxazines, mass spectra, 69, 439 

1.2- Dimethyloctahydro-277-3,l-benzoxazine, 

conformations, 69, 405 
cis-2,3-Dimethyloctahydro-2/7-3,l- 

benzoxazines, mass spectra of epimers, 
69, 439 

1.3- Dimethyloctahydroquinazolinones, 69, 

389 

tran.s-3,5-Dimethyloxane, simulated 13 C 
NMR spectra, 69, 229 

3.3- Dimethyl-l,4-oxazin-2-ones, 64, 34 
Dimethyl [1,2]oxazino[2,3-a]quinoline-2,3- 

dicarboxylate, 69, 110 
l,6-Dimethyl-4-oxo-6,7,8,9-tetrahydo-477- 
pyrido[l,2-a]pyrimidinium salts, 
transformation, 63, 175 

3.3- Dimethylpentane-2,4-dione, bis adduct 

with phenylhydrazines ring chain 
tautomerism, 66, 39 
bis adduct with 2,4- 

dinitrophenylhydrazines ring chain 
tautomerism, 66, 39 


r-4a, t-l,c-8-/7-l,8- 

Dimethylperhydropyrido[l ,2-c] 
[l,3]oxazine, conformations, 70, 11 
c«-3,4a-77-2,3-Dimethylperhydropyrido 
[l,2-c]pyrimidines, 'H NMR spectra and 
conformations, 70, 26 
c/'.?-4,4a-//-2,4-Dimethy!perhydropyrido 

[l,2-c]pyrimidines, 'H NMR spectra and 
conformations, 70, 26 
trans-A Aa-H-2,4- 

Dimethylperhydropyrido[l ,2-c] 
pyrimidines, 'H NMR spectra and 
conformations, 70, 26 

cix-4a-77-2,8-Dimethylperhydropyrido[l,2-c] 
pyrimidines, *H NMR spectra and 
conformations, 70, 26 
/ranr4a-//-2,8-Dimethylperhydropyrido 

[l,2-c]pyrimidines, *H NMR spectra and 
conformations, 70, 26 
cw-7,4a-/7-2,7-DimethyIperhydropyrido 
[l,2-a]pyrimidin-3-ones, Bohlmann 
bands in infrared spectra, 70, 24 
trans-1 Aa-H-2,1- 

Dimethylperhydropyrido[l ,2-a] 
pyrimidin-3-ones, Bohlmann bands in 
infrared spectra, 70, 24 
c«-5,4a-//-2,5-Dimethylperhydropyrido 
[l,2-a]pyrimidin-3-ones, Bohlmann 
bands in infrared spectra, 70, 24 
trans-5,4a-H-2,5- 

Dimethylperhydropyrido[l ,2-a] 
pyrimidin-3-ones, Bohlmann bands in 
infrared spectra, 70, 24 
cw-4a, 5-//-2,5-Dimethylperhydropyrido 
[l,2-c]pyrimidin-3-one, *H NMR spectra 
and conformations, 70, 26 
cis-4a, 7-77-2,7-Dimethylperhydropyrido 
[l,2-c]pyrimidin-3-one, 'H NMR spectra 
and conformations, 70, 26 
c«-4a, 8-H-2-X- 

Dimethylperhydropyrido[l,2-c] 
pyrimidin-3-one, 'H NMR spectra and 
conformations, 70, 26 
trans-4a, 7-H-2-X- 

Dimethylperhydropyrido[l,2-c] 
pyrimidin-3-one, 'H NMR spectra and 
conformations, 70, 26 
trans-4a, 5-77-2,X- 

Dimethylperhydropyrido[l,2-c] 
pyrimidin-3-one, *H NMR spectra and 
conformations, 70, 26 
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cis-8,4a-//-2,8-Dimethylperhydropyrido 
[l,2-a]pyrimidin-3-ones, Bohlmann 
bands in infrared spectra, 70, 24 

3.3- l)imethylperhydropyrido[l,2-c] 

[l,3]thiazine-l,6-dione, 70, 60 

1.3- Dimethylperhydropyrimidine ring chain 

tautomerism, 66, 23 

2.4- Dimethyl-3-phenylimidazole, 65, 

177 

1.3- Dimethyl-2-phenylimidazolidine, 65, 

176 

3.4- Dimethyl-5-phenyl-l,2,3-oxathiazolidine 

2-oxide, 68, 121 

2.2- Dimethyl-4(l-phenylpyrazol-4-yl)-8- 

phenyl-l,6,8-triaza-3- 
oxabicyclo[4,3,0]nona-7,9-dione, 63, 

389 

1.2- Dimethyl-3-phenyl-27/-pyrrolidin-2-one, 

65, 125 

4.6- Dimethyl-2-phenylthieno[2,3-d] 

pyrimidine, 66, 213 

1.3- Dimethylpseudouridine, conversion to 

pseudoisocytidine, 68, 369 
acycb 1,3-Dimethylpseudouridines, 68, 

378 

Dimethyl 4H-pyran-2,6-dicarboxylate, 
catalytic reduction, 62,75 

2.6- Dimethyl-4//-pyran-4-thione, 

methylation, 65, 316 

2.6- Dimethylpyridine, reaction with ethyl 

chloroacetate, 68, 211 

2.4- Dimethylpyrido[l,2-a]pyrimidine-9- 

carboxylate, mass spectrum, 63,122 

2.4- Dimethylpyrido[l,2-n]pyrimidinium 

perchlorate, 63,125 

2,8-Dimethyl-4//-pyrido[l,2-a]pyrimidin-4- 
one, 63, 133 

Dimethyl 3-(2-pyridyl)-4-oxo-3,4- 

dihydroquinoline-2,3-dicarboxylate, 69, 
109 

1.3- Dimethylpyrimidin-5-yl triflate, coupling 

with alkenes, 62, 311 
(- )or(+)-/ra/w-2,5-Dimethylpyrrolidine, 

64, 7 

2.3- Dimethylpyrrolo[h]tropone, 66, 361 

4.6- Dimethyl-2-pyrone, reaction with methyl 

magnesium iodide, 65, 295 

2.3- Dimethylquinoxaline, reaction with 

maleic anhydride and benzoquinone, 

68, 183 


1.3- Dimethyl-8(/3-D- 

ribofuranosyl)xanthosine, 70 , 250 
6,12-Dime thyl-substituted 

dihydrobenzo[c]phenanthridine, 67, 

379 

1.3- Dimethyl-5,6,7,8-tetrahydropyrido[l,2-c] 

pyridinium-4-carboxylate, reaction with 
ammonia, 70, 42 

1.3- Dimethyl-6,7,8,9-tetrahydropyrido[l,2-c] 

pyrimidinium-4-carboxylate, 70 , 72 

1.6- Dimethyl-l ,6,7,8-tetrahydo-4/7- 

pyrido[l,2-a]pyrimidin-4-ones, 63, 175 

3.3- Dimethyl-2,3,4,10-tetrahydro-lH- 

pyrrolo[3,4-c][l,5]benzothiazepin-l-one, 

63 , 65 

1.3- Dimethylthieno[2,3-d]pyrimidin-2,4- 

dione, 66, 214 

electrophilic reactions, 65, 250 

2.4- Dimethylthieno[2,3-d]pyrimidine, 

reaction with benzaldehyde, 65, 

251 

5.6- Dimethylthieno[2,3-d]pyrimidinedione, 

nitration, 66, 224 

5.6- Dimethylthieno[2,3-d]pyrimidin-4(3H)- 

one, 66, 229 

5.6- Dimethylthieno[2,3-d]pyrimidin-4(3H)- 

2(177)-thione, nitration to 5,6-dinitro 
compound, 66, 225 

2.6- Dimethylthieno[6]tropolone, 

intramolecular electrocyclic reaction, 

66, 330 

V-(Dimethylthio)methylene aldonic acid 
amides, reaction with thiosemicarbazide, 
68, 327 

1.3- Dimethyl-5- 

thiomethylpyrrolo[c]tropolone, 
methylation on sulfur, 66, 347 

1.3- Dimethyl cis,trans-2,3,5- 

triphenylimidazolidine, 65 , 178 

l,2-Dimethyl-3-vinylindole, reaction with 
tetracyanoethylene, 63 , 375 

1.5- Dimethyl-2-vinylpyrrole, 1:2 adduct with 

diethyl azidodicarboxylate, 63 , 383 
7,7'-Dinitro-2,2'-biindazole, 67 , 26 
4,4'-Dinitro-3,3'-bi-l,2,5-oxadiazole, 

67,46 

3,8-Dinitrodibenzoselenophene-Se-oxide, 

64,329 

2.4- Dinitro-5-iodo-l,l'-biimidazole, 67, 28 
2-(2,4-Dinitrophenyl)isoquinolinium ion, 

pseudo-base and ring chain tautomerism, 

64 , 290 
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3,8-Dinitro-S- 

trifluoromethyldibenzothiophenium 
triflate- trifluoromethylation of 
aromatics, 64, 332 
trifluoromethylation of 

triphenylphosphines, 64, 334 

1.3.2.5- Dioxaboraphosphorinanes, 61, 84 
conformations, 61, 95 

metal complexes, 61,129 

1.3.2.5- Dioxaborataphosphoniarinanes, 

61, 86 

1,14-Dioxacyclohexacoranes, by carbene 
insertion reactions, 65, 195 

1,4-Dioxacylooctanes, via carbene reactions, 
65, 191 

Dioxalanes, 65, 184 

decomposition in the presence of aldehydes 
and ketones, 65,185 

1.2- Dioxanes, NMR, X-ray structure analysis 

and conformations, 69, 229 

1.3- Dioxane, ring contraction, 65,185 
preferred conformation, 69, 230 

Dioxanes, by carbene reactions, 65,191 

1.4- Dioxane-2-radical, ring inversion, 69,259 

1.3- Dioxan-2-one, conformations 69, 245 

1.3- Dioxan-4-one, conformations, 69, 245 

1.3- Dioxan-2-ylium ions, conformation, 69, 

244 

1.3.5- Dioxaphosphorinanes, 61, 60 
reaction with sulfur, selenium and oxygen, 

61, 65 

reaction with methyl iodide, 61, 66 
reaction with phenyl azide, 61, 66 
stereoisomerism, 61, 66 
complexes with metals, 61,128 

1.3.5- Dioxaphosphorinane oxide, by 
condensation of benzaldehyde with 
benzylbis(a-hydroxybenzyl)phosphine 
oxide, 61, 64 

1.3.2.5- Dioxasilaphosphorinanes from 
reaction of dimethyldichlorosilane and 
alkkylbis(oxymethyl)phosphines, 61, 62 

stereochemistry, 61, 71 
1,3,2-Dioxathiolane 2,2-dioxides, 68, 91 
dipole moment 68, 93 
kinetics of hydrolysis, 68, 94 
mass spectroscopy, 68, 102 
X-ray analysis, 68,103 
comparison of reaction with nucleophiles 
with ethylene oxide, 68, 123 


reaction with phenyllithium, 68,136 
reaction with hydroxy radicals, 68, 165 
photochemical chlorination, 68, 166 
toxicity, 68, 168 

1,3,2-Dioxathiolane 2-oxides, 68, 90 
dipole moment, 68, 94 
kinetics of hydrolysis, 68, 94 
infrared spectroscopy, 68, 95 
NMR spectroscopy, 68, 95 
pseudo-rotation detected by nmr, 68, 95 
ESR spectra, 68, 101 
structural analysis, 68, 104 
synthesis, 68, 106 

synthesis from ethylene glycol and 
dimethyl sulfate, 68, 107 
complex with metals, 68,129 
reaction with phenylmagnesium bromide, 
68, 134 

reaction with sodium methoxide and 
phenoxide, 68, 141 
reaction with chorine gas, 68, 145 
reaction with thiophenolate ions, 68, 161 
patented use as alkylating agent and 
solvent, 68, 167 

in preparation of polymers, 68,168 

Dioxoanthra[6]thiophenes, 63, 366 

1,1 '-Dioxo(benzo[6]pyranilidene) 
tellurapyrans, 63, 46 

2.4- Dioxo-3,l-benzoxazines, 

polymerisations, 69, 461 

N,V'-Dioxo-l,l'-biisoquinoline, resolution, 
67,57 

tram-fused-2,4- 

Dioxodecahydroquinazolines, 
conformations, 69, 415 

Dioxodecahydroquinazolines, herbicidal 
activity, 69, 464 

2.4- Dioxo-l,3-diphenyl-6,7,8,9- 

tetrahydropyrido[l,2-a]pyrimidinium 
betaine- photolysis, 63, 236 

2.4- Dioxo-l,3,4,6,7,llb-hexahydro-2//- 

pyrimido[6,l-a]isoquinolines, 70, 64 
reduction, 70, 42 

2-[o-(l ,3-Dioxolan-1-yl)phenyl]pyridine, An¬ 
amination, 69, 113 

Dioxoles, 65, 183 

2.4- Dioxo-3-methyl-l-phenyl-6,7,8,9- 
tetrahydropyrido[l,2-a]pyrimidinium 
betaine, 1,4-dipolar cycloaddition, 63, 
238 
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4.6- Dioxooctanoic acid, oxidative cyclisation, 
69 , 53 

2.4- Dioxopyrazino[2,3-d]pyrimidin-6-yl 

acyclo C-nucleosides, 70 , 275 

2.7- Dioxopyrido[3,2,l-i/]cinnoline-3,8- 

dicarboxylate, 69 , 117 

4,6-Dioxopyrido[l,2-a]pyrimidine-9- 
carboxylate, mass spectrum, 63 , 122 
1,1 -Dioxo (tellurapyrany lidene) 
tellurapyrans, 63 , 46 
cisfused-2,4-Dioxo-5,6,7,7a- 

tetrahydrocyclopent[e][l,3]oxazin-4- 
ones, conformations, 69, 415 

3.4- Dioxotetrahydrofurans, from acetylenic 

bis-alcohols, 69 , 26 

4,9-Dioxo-6,7,8,9-tetrahydro-4W-pyrido 
[l,2-a]pyrimidines, tautomerism, 63 , 116 

2.3- Dioxo-l,2,3,4-tetrahydroquinoxaline, 63 , 

170 

Dioxothiazines, 66,175 

2.4- Dioxothieno[3,2-d]pyrimidine, 65, 248 

3.4- Dioxo[l,2,4]triazino[3,4-a]phthalazines, 

61 , 237 

2,2'-Diphenyl-l,l'-bibenzimidazole, from N- 
benzylidene-O-phenylenediamine with 
cuprous chloride, 67 , 37 
5,5'-Diphenyl-2,2’-bi-l,3,4-oxadiazoles, 
67,49 

from oxidation of bis(benzoylhydrazones) 
of glyoxal, 67 , 46 

5,5'-Diphenyl-2,2'-bioxazoline, 67 , 31 
4,4'-Diphenyl-l,l'-biphthalazine, 67 , 65 
Diphenylbipyrazoles, 67 , 22 
l,l'-Diphenyl-4,4'-bipyrazole, 67 , 22 
3,3'-Diphenyl-4,4'-bipyrazole, 67 , 22 
X-ray structure, 67 , 22 
4,4 , -Diphenyl-2,2'-biquinazoline, 67 , 66 
6,6'-Diphenyl-3,3'-bitetrazine, 67 , 70 
5,5'-Diphenyl-l,l'-bitetrazole, synthesis and 
thermolysis, 67 , 48 
2,2'-Diphenyl-4,4'-bithiazole, 67 , 35 
Diphenylboryloxyalkyl(imidoyl)phosphines, 
61,90 

Diphenylboryloxymethyl(methyl) 

phenylphosphine, disproportionation, 
61 , 86 

o-Diphenylboryloxyphenylenephosphine, 

61 , 124 

2,3-Diphenylcyclopropanone, reaction with 
thioamides, 66, 150 


Diphenylcyclopropenone, reaction with 
enaminones, 67, 229 

2.6- Diphenyl-4-dialkylamino-oxanes, NMR 

spectra and conformations, 69, 225 

1.3- Diphenyl-2,2'-dichloroaziridine, 65, 98 

5.6- Diphenyl-5,6-dihydro-l,3-thiazin-4-one, 

66,150 

2.5- Diphenyl 1,32,5- 

dioxaboraphosphorinanes from 
tris(hydroxymethyl)phenyl 
phosphonium chloride with phenyl 
dichloroborane, 61, 84 
reactions, 61,103 
reactions with aldehydes, 61,109 

4.5- Diphenyl-l,3,2-dioxathiolane 2-oxide, 

thermal rearrangement, 68,125 

4.5- Diphenyl-l,3,2-dioxathiole 2,2-dioxide, 

thermal rearrangement, 68,125 
rearrangement to trans-stilbene, 68,129 

4,5-Diphenyl-l,3,2-dioxathiole 2-oxide, 
thermal rearrangement, 68,125 
photolysis, 68,126 

1.4- Diphenyl-3,6-(di-2-thienyl)-l,4-dihydro- 

1,2,4,5-tetrazines, 63 , 334 

2.2- Diphenyl-l,3-dithiepane, 65,194 

2.5- Diphenyl-l,4-dithiin, reaction with 

dimethyl diacetylenedicarboxylate, 

65 , 62 

2.6- Diphenyl-3-ethyl-4-methylene-l,3- 

oxazinium hexachloroantimonate, 64 , 
348 

3.3- Diphenyl-12,3,7,8,9- 

hexahydropyrido[3,2,l-i/]cinnoline, 69, 
118 

2.4- Diphenyl-7-o-hydroxyphenyl-5,6- 

dihydropyrido[2,l-a]phthalazinium 
perchlorate, X-ray crystallography, 

69, % 

Diphenylimine of ethylglycinate, aziridine 
synthesis, 64, 3 

Diphenyl iodonium-2-carboxylate, reaction 
with 5-aminoquinolines, 70 , 100 
as an /V-arylating agent, 70 , 110 
4-(Diphenylmethylene)pyran, 65 , 293 
2-Diphenylmethyl-l,3,4-oxadiazole, 64 , 194 
22-Diphenyl-8- 

methylperhydroisoxazolo[2,3-a] 
pyridinium salts, ring expansion, 70, 58 

2.6- Diphenyl-3-methylpyrylium perchlorate, 
reaction with phenyl magnesium 
bromide, 65, 287 
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V,V-Diphenyl-2-methylthioethanamide, 
Pummerer-type rearrangement, 

69, 33 

2,6-Diphenyl-oxan-4-ones, NMR spectra, 

69, 227 

2.3- Diphenyloxirane, 65, 135 

2.5- Diphenyl-5-oxo-l,3,2,5- 

dioxaboraphosphirinanes, from oxides 
of diols and the anhydride of phenylboric 
acid, 61, 86 

3.3- Diphenylperhydropyrido[l,2-c] 

[l,3]oxazine, 70, 58 
c«-2-DiphenyIphosphoryl-5-aIkyl-l,3- 
dioxane, conformations, 69, 236 
A 4 -2,6-Diphenyl-4W-pyrans, 62, 52, 65, 

316 

1.3- Diphenylpyrazolo[4]tropone, 64, 113 

4.6- Diphenyl-2-pyrone, reaction with phenyl 

magnesium bromide, 65, 295 

2.6- Diphenylpyrylium perchlorate, reaction 

with lithiophenylacetylide, 65, 289 
reaction with triphenylphosphine, 65, 314 

2.4- Diphenyl-7-substituted 5,6- 

dihydropyrido[2,l-a]phthalazinium salts, 
69,116 

cis,irons 3,5-Diphenyl-5,6,7,8-tetrahydro-3/f- 
[ 1 ^,4]oxadiazolo[4,3-c]pyrimidine ring 
chain tautomerism, 66, 26 
7,1 lh-Diphenyl-2,3,4,1 lMetrahydro-1//- 
pyrido[2,l-a]phthalazine, 69,117 

3.6- Diphenyl-l,2,4,5-tetrazine, 64, 224 

3.5- Diphenylthiazolo[3,2-f>][l,2,4]triazoles, 

69, 318 

5.7- Diphenylthieno[c]tropone, reaction with 

dihalocarbenes, 66, 364 
Diphenyl(trimethyltetrathiafulvalenyl) 
phosphine, 62, 288 
A 5 -l,3-Diphosphetes, 65, 173 
Diphosphiranes, 65, 171 
Diplamine, 70, 112 

1,3-Dipolar ketocarbenes, 69, 5 
Dipole cascade reactions. 65, 202, 65, 114 
6-( N, V-Dipropylamino)-l ,2,3,5,6,7- 

hexahydropyrido[3,2,l-(/]quinazolin-3- 
one, bioactive conformation, 70, 22 
serotonin agonist activity, 70, 76 
N,N'- (Di-V-propyl)-2,6-dinitro-4- 

t rifluoromethylanilin e, photocyclisation, 
65, 14 

Dipyrazolo[6,/]azepines, 67, 323 


Dipyrazolo[l,5-a:l'-,5'-d]pyrazine-4,9-diones 
from pyrazole-3-carboxylic acid, 61, 191 
reaction with nucleophiles, 61, 195 
2/f-Dipyrido[l,2-a:2'-,3'-d]pyrimidine- 
2,5(l//)-diones, 63, 203 

7,7-Dipyrrolidinonorcaradiene, flash vacuum 
pyrolysis, 65, 132 

Dipyrrolo[l,2-a:l' -,2 ’-a]pyrazine-5,10-diones 
by dehydration of pyrrole-2-carboxylic 
acid, 61, 191 
hydrolysis, 61, 194 
l,l-Di(pyrrol-2-yl)alditol, 68, 254 
5'-,5'-Di(pyrrol-2-yI)reverse C-nucleosides, 
preparation, 68, 251 

Di-4-quinolinyl sulfide, desulfurization to 
4,4'-biquinoline, 67, 54 
Discorhabdin C, synthesis, 69, 55 
Diselenadiazolium salts, 62,151 
Disilanyl a-diazaketones. photolysis, 65, 

173 

(±)-Disparlure, synthesis, 68,144 
2-(N, V-Disubstituted)amino-3- 

phenylthieno[2,3-d]pyrimidin-4-ones, 

66,232 

4.6- Disubstituted ammonium 1,3,2,5- 

dioxaborataphosphorinanes, alkylation 
to stable betaine systems, 61,117 

5.6- Disubstituted-2- 

benzymercaptoimidazo[2,l-h] 

[1.3.4] thiadiazoles, ring opening of 
thiazole ring, 69, 310 

5,5'-Disubstituted-2,2'-bi-l,3,4-oxadiazoles, 

67,46 

2.6- Disubstituted-5-bromoimidazo[2,l-h] 

[1.3.4] thiazoles, nucleophilic reactions, 
69, 311 

2.6- Disubs tituted-5-carbalkoxyimidazo 

[2,l-f>][l,3,4]thiadiazoles, 69, 305 
9-(Disubstitutedcarbamoylthio)pyrido[l,2-a] 
pyrimidine-3-carboxylate, 63, 212 

2.6- Disubstituted 1,3-diazaazulenes, 

nucleophilic reactions, 64, 89 

4.4- Disubstituted dihydropyridines, from 

enaminones, 67, 271 

2.5- Disubstituted 5,6-dihydro-l H -pyrido 

[l,2-n]quinazoline-l,6-diones, 68, 214 

2.4- Di-substituted 1,3-dioxadecalins, 

conformations, 69, 250 

2.5- Disubstituted 1,3-dioxane-4,6-diones, 

conformations, 69, 245 
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,V,,V-Disubstituted enaminones, 1,4- 
cycloaddition to ketenes, 67, 262 

2.6- Disubstituted-3(2/7)furanones, 65,138 

2.2- Disubstituted 2 -H imidazoles, 67, 258 

2.6- Disubstituted imidazo[2,l-6] 

[1.3.4] oxadiazoles, 69, 276 

2.6- Disubstituted imidazo[2,l-6] 

[1.3.4] thiadiazoles, 69, 310 
thiocyanation, 69, 310 

5.6- Disubstituted imidazo[2,l-6] 

[l,3,4]thiadiazoles, X-ray structures, 69, 
313 

biological activity, 69, 316 

2.5- Disubstituted imidazo[2,l-6]thiazoles, 69, 

283, 286 

2.3- Disubstituted indoles, synthesis, 67, 244 

3.5- Disubstituted isoxazoles, ring opening, 

67, 221 

1.5- Disubstituted 2-mercaptoimidazoles, 

cyclisation, 69, 283 

4.5- Disubstituted 2-mercaptoimidazoles, 

reaction with a-halo ketones, 69, 282 

2.6- Disubstituted-4-methylpyrylium 

tetrafluoroborate, reaction with diazo 
compounds, 62, 56 

3.5- Disubstituted 2,5,6,8,9,10,11,11a- 

octahydro-l//-pyrido[l,2- 

c]pyrimido[5,4-e]pyrimidine-l,6-diones, 

70,49 

2.5- Disubstituted 1,3,4-oxadiazoles, 

synthesis, 69, 42 

3.5- Disubstituted oxazoles, from oxidation of 

dioximes of /3-diketones, 69, 40 

2.7- Disubstituted oxepanes, from diazo 

alcohols, 65,158 

2-Disubstituted-4-oxothieno[2,3-d] 
pyrimidines, 65, 242 

5.6- Disubstituted-pyrimidin-2,4-diones, 

69, 58 

2.6- Disubstituted pyrylium perchlorates, 

conversion to 47/-pyrans, 62, 53 

2.6- Disubstituted pyrylium salts, reaction 

with organometallics, 65, 285 

5.6- Disubstituted quinazoline-2,4-diones, 68, 

209 

2,2-Disubstituted-tetrahydro-l,3-oxazin-4- 
ones, synthesis, 69, 370 

3.6- Disubstituted 1,2,4,5-tetrazines, reaction 

with /3-D-ribofuranosylacetylenes, 68, 
354 


2,2-Disubstituted 4(R)-thiazolidinecarboxylic 
acid, 64 , 25 

2,5-Di-(D-ara6ino-tetritol-l-yl)pyrazine, 
formation from glucose, 68, 381 
from browning of D-glucose in the presence 
of ammonia, 68, 380 

1.4- Dithiacines, ring contraction, 65, 82 

1.5- Dithiacyclononenes, from carbenes on 

1,3-dithianes, 65 , 195 
Dithiacyclophanes, loss of sulfur, 65 , 77 

1.3.2.4- Dithiadiazoles- by reduction of 
1,3,2,4-dithiadiazolylium salts, 62 , 209 

by reaction of chlorosulfenyl chlorides with 
sulfur diimides, 62 , 209 
from tricyanomethane and dithianitronium 
ions, 62 , 210 
ESR spectra, 62 , 210 
magnetic studies, 62 , 213 
theoretical studies, 62 , 213 
X-ray diffraction, 62 , 214 
radical formation and rearrangement, 62 , 
216 

radical formation and polymerisation, 62, 
217 

adducts of non-radicals with metal ions, 
62 , 218 

alkylation of non-radicals, 62, 218 

1.2.3.5- Dithiadiazolyl chloride, preparation 
from nitrile and sulfur dichloride, 62,149 

preparation from amidines and sulfur 
dichloride, 62,150 

preparation from tetrachloroethylene and 
thionyl chloride, 62 , 152 
preparation from aldazines, 62 , 153 
preparation from trichloracetic anhydride, 
62 , 153 

preparation from 

bis(trimethylsilyl)carbodiimide and 
sulfur dichloride, 62 , 153 
spectra and calculated structure, 62 , 154 
structure of nickel complexes, 62 , 158 
nmr spectral shifts, 62 , 158 
UV/visible spectra, 62 , 159 
electrochemistry, 62 , 161 
ESR spectrum, 62 , 162 
X-ray diffraction, 62 , 162 
structure of salts with hard anions, 62 , 163 
structure of salts with soft anions, 62 , 165 
structure of mixed salts, 62 , 168 
structure of partially reduced salts, 62 , 168 
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metathesis, 62, 170 
hydrolysis, 62, 171 

reaction with nitrogen plasma, 62,174 

1.2.3.5- Dithiadiazolyl radicals, theoretical 
studies, 62, 175 

ESR spectrum, 62, 177 

photoelectron spectrum, 62, 177 

conductivity, 62, 179 

magnetism, 62, 182 

electron diffraction, 62, 183 

X-ray diffraction, 62, 183 

oxidation, 62, 189 

radical coupling, 62, 190 

reaction in nitrogen plasma, 62, 192 

reaction with metal complexes, 62,192 

1.2.3.5- Dithiadiazolylium cation, 62,146, 62, 
148 

1.3.2.4- Dithiadiazolylium-l,2,3,5- 
dithiadiazoyl radicals, 62, 238 

ESR spectrum, 62, 239 
magnetism, 62, 239 

1.3.2.4- Dithiadiazolylium salts, from nitriles 
and dithianitronium salts, 62,198 

from thioamides and NSC1 3 , 62, 200 
from bromine and S 4 N 4 , 62, 201 
theoretical studies, 62, 201 
NMR, 62, 202 
electrochemistry, 62, 204 
X-ray diffraction, 62, 205 
reduction, 62, 207 
metathesis, 62, 208 
hydrolysis, 62, 208 

1.2.3.5- Dithiadiazolyls, preparation from 

1,2,3,5-dithiadiazolylium salts, 62,174 

by rearrangement of 1,3,2,4-dithiadiazolyl 
radicals, 62, 175 

Dithiadiazolyls, X-ray crystal structure, 62, 
142 

1,3-Dithianes- from carbene reactions, 65,193 
Dithianitronium cation, 62,195 
hexafluoroarsenate, 62, 195 
preparation, 62, 195 
reaction with alkynes, 62, 196 
reaction with alkenes, 62,197 
reaction with phosphaalkynes, 62,197 
reaction with unsaturated inorganics, e.g., 
S 4 N 4 , 62, 197 

reaction with nitriles, 62,198 
reaction with tricyanomethane anion, 62, 
210 


Dithiatetrazocines, 62, 150 

1.4.2- Dithiazines, loss of sulfur, 65, 70 
Dithiazolobenzobisimidazolediones, 69, 287 
Dithicno[6,/]azepines, from enaminones and 

ethyl 2-mercaptoacetate, 67, 323 
Dithieno[2,3-d]pyrimidine-7-thiones, 66, 209 
Dithieno[6,6'-]tropone, 64, 96 
Dithienotropones, 64, 100 
X-ray diffraction, 66, 286 
UV spectrum, 66, 301 
IR spectrum, 66, 302 

Dithienotropylium ions, X-ray diffraction, 
66,311 

Dithienotropylium salts, 64, 129 
(z )-l,2-Dithienylethylenecarboxylic acids, 
cyclisation, 64, 96 

1.2- Dithiins, desulfurisation by reaction with 

carbenes, 65, 59 

1.3- Dithiins, from carbene reactions with 

trithiapentalene, 65,192 

1.4- Dithiins, sulfur extrusion to thiophenes, 

65,60 

1.4- Dithiocins, from carbenes on 1,3- 

dithiolanes, 65,194 
Dithiolanes, loss of sulfur, 65, 81 

1.2- Dithiolanes, ring contraction, 65, 75 

1.3- Dithiolanes, reaction with carbenes, 65, 

194 

Dithiolanethiones, 65,185 
Dithiolanones, 65,185 
[l,2]Dithiolo[3,4-c]quinolin-l-ones, 68, 208 
Dithiooxamide, reaction with 

trichlorophenylmalonates, 66,133 
double cyclisation to 2,2'-bithiazole, 67, 33 
reaction with oxalbisphenylimidoyl 
chloride, 67, 34 

Dithiourethanes, cyclisation to l,3-thiazin-4- 
ones, 66,137 

Dithioxoformycin B, 70, 236 
Ditiazem, synthesis via reaction of cyclic 
sulfite with o-aminothiophenol, 68, 163 

4.5- Di-p-tolylimidazo-2-thioacetic acid, ring 

closure, 69, 283 

5.6- Di-p-tolylimidazo[2,l-f)]thiazole-3(2H)- 

one, 69, 283 

3.4- Di-(trifluoromethyl) -1,2-dithiete, 

reaction with acetylenes, 65, 61 

3.5- Di(trifluoromethyl)-4-phenylpyrazole, 

65, 174 

3.6- Ditrifluoro-l,2,4-triazine C-nucleoside, 

inverse [4+2] cycloaddition reactions, 

68, 343 
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Ditropolonofuran, aromaticity, 66, 308 
Ditroponopyrrole, reaction with nitric acid, 
66, 350 

2,3-Divaleryloxy-l,l-dimethoxypropane, as a 
precursor in the synthesis of 
acyclonucleosides, 68, 60 
Divinyl adipate, polymeric structures with 
l,2,4-triazoline-3,5-diones, 67 , 187 
Divinyltellurides, 63 , 15 
Dodecahy dro-3,3 '-bi-1 //, 3//-pyrido[l ,2-c] 
[l,3]oxazines, 70 , 55 
reduction with sodium amalgam, 70 , 59 


EHNA see eryf/!ro-9(2-hydroxy-3- 
nonyl)adenine 
Eilatin, 70, 96, 116 

Elaeocarpus alkaloids, synthesis, 67 , 247 
Ellipticine, synthesis from indolo[l,2-b] 
[2,7]naphthyridine-5,12-quinone, 61 , 190 
Enamine from iminophosphoranes, 64 , 178 
Endosulfan, use as an insecticide, 68,168 
Enecarbamates, Friedel-Crafts reaction with 
acid chlorides, 67 , 216 
Enol silanes, conversion to a-aminoketones, 
69 , 11 

(+)-Epichlorohydrin, alkylation of purines, 
68, 21 

(-)-Epilupinine, 65 , 127 
Epimyrtine, synthesis, 67 , 286 
(+ )-3-Epinupharamine, synthesis, 69 , 122 
Epipodophyllotoxin, 65 , 348 
6-Epithienamycin, 65 , 108 
5,6-exo-Epoxy-7-oxabicyclo[2,2,l]heptan-2- 
one, in synthesis of cordycepin C, 70 , 251 
1,4-Epoxytribenzotropone, reaction with 3,6- 
diphenyltetrazine, 64 , 115 
Eritadenine, biological properties, 68, 74 

2-(a,/3-D-Erythrofuranosyl)imidazole, 
preparation, 68, 278 

Erythromycin cyclic sulfite derivative as 
antimicrobial agent, 68, 168 

5- Ethenyl-2-pyrones, 65, 325 

6- Ethoxy-2-azaazulene, 66, 343 

2- Ethoxy-l,4-benzodiazepin-5-ones, 64 , 227 

3- Ethoxy-l-benzopyrylium salts, reaction 

with phenylmagnesium bromide, 65 , 290 
2-Ethoxy-l,3-benzoxazin-4-one, 64 , 210 
2-Ethoxycarbamoylthiophene-3- 

carboxamides, cyclisation, 65 , 246 


2- Ethoxycarbamoylthiophene-3- 

carboxylates, reaction with primary 
amines, 65 , 246 
C-Ethoxycarbonyl-V- 

(benzimidazoyl)hydrazonoyl chlorides, 
reaction with phenylhydrazine, 63, 319 

3- Ethoxycarbonylcoumarin, reaction with 

Grignard reagents, 65 , 299 
cycloaddition with diazoalkanes, 65 , 320 
reaction with lithium diallylcuprate 65 , 299 
2-Ethoxycarbonylcyclohexanone, formation 
of pyrido[3,2-a]acridines, 70 , 93 
9-Ethoxycarbonyl-5//, 13/7-2',3'- 
dihydrospiro[benzimidazole-6,2' - 
pyrazolo][l',5':3,4][l,2,4]triazino[5,6-i>] 
[l,5]benzodiazepine hydrochloride, 61 , 
301 

4- Ethoxycarbonyl-2,7-diisopropyl-5- 

methylthiepin, sulfur extrusion, 65 , 46 

1- Ethoxy carbonyl-9,10-dimethoxy-3,4,6,7- 

tetrahydro-2//-pyrimido[6,1-a] 
isoquinolin-2,4-dione, 70, 66 
N-Ethoxycarbonyl-2-ethoxy-1,2- 

dihydroquinoline, as coupling agent, 

69, 149 

N-[/3-(Ethoxycarbonyl)ethyl]-V-[4- 

methoxyphenyl]glycinate, precursor to 
pyrroles, 64 , 7 

C-Ethoxycarbonyl-V-heteroarylhydrazonoyl 
chlorides, cyclisation, 63, 302 
Ethoxycarbonyl hydrazones, oxidation, 69,42 

2- Ethoxycarbony 1-1 -(2- 

hydroxyethyl)tetrahydroisoquinolines, 
cyclisation, 70, 54 

2- [(Ethoxycarbonyl)methoxy]-3- 

formylpyrido[l,2-<j]pyrimidin-4-one, 63, 
184 

a«/iydro-3-Ethoxycarbonyl-2-methyl-4- 
hydroxy-5,6,7,8-tetrahydropyrido 
[l,2-6]pyridazinium hydroxide, 69 , 100 

3- Ethoxycarbonyl-2-methyl-2-(D -arabino- 

tetritol-l-yl) pyrrole, 68, 254 
9-Ethoxycarbonyl-6-oxo-5,6- 

dihydropyrazolo][l',5':3,4][l,2,4]- 
triazino[5,6-6][l,5]benzoxazepine, 61 , 
301 

3-Ethoxycarbonyl-4//-pyran, reactions of, 

62,102 

3-Ethoxycarbonyl-2-pyrones, reaction with 2- 
(trialkylsilyl)oxydienes, 65, 350 
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2-Ethoxy-l ,3-diazaazulenes, nucleophilic 
reactions on, 64, 89 

2-Ethoxy-2,3-dihydro-l,3-benzothiazin-4- 
one, loss of ethanol and Diels-Alder 
reaction with dienes, 66,183 
2-Ethoxymethyleneaminothiophene-3- 

carbonitriles, reaction with amines and 
heating, 66, 206 

2-Ethoxymethyleneimino-3-carbonitriles, 
precursor to pyrano[2,3-d]pyrimidin-3-yl 
ureas, 64, 212 

2-Ethoxymethylenethiophene-3- 

carboxylates, reaction with arylamines, 
65, 245 

2-Ethoxy-2-methyl-3(2f/)furanone, 65, 149 
5-Ethoxy-2-methyl-4-trifluoromethyl-l,3- 
oxazole, 65, 180 

2-Ethoxy-2-methyl-5-(2'-uracilyl)-l,3- 
dioxanes, conformations, 69, 238 
2-Ethoxy-l,3,4-oxadiazoles, synthesis, 69, 42 
2-Ethoxy-5-(2'-uracilyl)-l,3-dioxane, 
conformations, 69, 238 
Ethyl 3-{7-(4-acetyl-3-hydroxy-2- 
propylphenoxymethyl)-4-oxo- 
pyrido[ 1,2-a]pyrimidin-3-yl}propionate, 
63, 206 

Ethyl 3-adenin-9-yl-2-hydroxypropanoate, as 
antiviral agents, 69, 181 
Ethyl 3-aminocarbonyl-6-methyl-l ,6,7,8- 
tetrahydro-4-oxo-4//-pyrido[l,2-fl] 
pyrimidine-9-carboxylate, structure, 63, 
194 

Ethyl-4-(2-amino-6-chloropurin-9-yl)-2- 
hydroxybutyrate, 68, 76 
Ethyl 3-aminocrotonate, condensation with 
D-gluconoyl isothiocyanate 
pentaacetate, 68, 376 
Ethyl cis-or trans- 2-amino-l- 

cyclohexanecarboxylate, reaction with 
isothiocyanates, 69, 457 
Ethyl trans- 2-amino-l- 

cyclohexanecarboxylates, reaction with 
potassium cyanate, 69, 392 
Ethyl 6-amino-4,5-difluoro-l-methyl-7-oxo- 
1 H, 7W-pyrido[3,2,l-i/]cinnoIine-8- 
carboxylate, preparation, 69,107 
Ethyl 2-amino-4,5-dihydrothiophene-3- 
carboxylate, reaction with 
chlorosufonylisocyanate, 66, 197 
Ethyl 2-amino-4,5-dimethylthiophen-6- 
carboxylate, reaction with triethyl 
orthoformate and hydrazine, 66, 199 


Ethyl 2-aminofuro[6]tropone-3-carboxylate, 
base hydrolysis, 66, 357 
Ethyl 5-amino-2-(l-lV'- 

methylhydrazino)thieno[2,3-d] 
pyrimidine-6-carboxylate, 66, 228 
Ethyl 5-amino-2-methylthio-4- 

phenyIthieno[2,3-d]pyrimidine-6- 
carboxylate, 66, 218 

Ethyl 2-amino-4/7-pyrano-3-carboxylate, 
precursor to pyrano[2,3-d]pyrimidines, 
64,212 

Ethyl 2-aminothiophene-3-carboxylate, heat 
with phenylisothiocyanate to give 
thieno(2,3-d]pyrimidin-4(3//)one- 
2(lW)-thiones, 66, 195 
Ethyl /V-aryl-3-cyano-4-ethyl-2- 

oxopyridazin-5-carboxylate, reaction 
with benzylidenemalononitriles, 68,188 
Ethyl /V-aryl-3-cyano-4-methyl-5- 
carboxylate, reaction with 
dimethylformamide dimethylacetal, 68, 
194 

reaction with carbon disulfide, 68,195 
Ethyl-l-aryl-4-hydroxypyrazole-3- 
carboxylate, synthesis, 69, 37 
Ethyl a-azido-j8-hydroxy-4- 

methylpentanoate, via reaction of azide 
ion and cyclic sulfate, 68, 158 
Ethyl 5,6-benzochromone-2-carboxy late, ring 
chain tautomerism, 64, 282 
Ethyl benzooxepan-3-one-2-carboxylate, 65, 
159 

Ethyl-[(2-benzoxazolyl)amino]thiophene-3- 
carboxylates, hydroysis and cyclisation, 
66, 196 

Ethyl 9-benzyloxy-4-oxo-4/7-pyrido 
[1,2-a]pyrimidine-3-carboxylate- 
saponification, 63, 174 
r-2,c-4a, t-5,c-8-//-2-Ethyl-5-benzyloxy-8- 
propylperhydropyrido[l ,2-b] 
[l,2]oxazine, conformational 
equilibrium, 69, 91 

Ethyl 4-bromo-2-hydroxybutyrate, reaction 
with purines, 69, 155 

Ethyl 2-bromomethylthiazol-4-carboxylate, 
in synthesis of acyclonucleosides, 69,202 
Ethyl 4-(4-terf-butoxycarb onyl-1- 

piperazinyl)-5-fluoro-2,3-dihydro-l- 
methyl-2,7-dioxo-1 H, 7/7-pyrido[3,2,1 - 
i/]cinnoline-8-carboxylate, crystal 
structure, 69, 123 
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Ethyl 2-butoxy-2,3-dihydrofuran-3- 
carboxylate, 65 , 151 
Ethyl 2-A'-butyl-3,5-dimethylpyrrole-3- 
carboxylate, 64 , 14 

Ethyl carboethoxyformamidate, precursor 
for 4(5)aminoimidazoles, 61 , 11 
Ethyl 2(5-carboxy-2-pyridyl)-5-oxo-2,5- 
dihydroisoxazole-4-carboxylate, 63 , 140 
Ethyl 7-chloro-3-(2'-fluoro-4'- 

bromobenzyl)thieno[3,4-d]pyri midin- 
2,4-dione-l-acetate, 66,270 
Ethyl 2-chloro-6-methyl-4//-pyrido[l ,2-a] 
pyrimidine-3-acrylate-reaction with 
amines, 63 , 185 

Ethyl chroman-2-carboxylate, ring chain 
tautomerism, 64 , 282 

Ethyl 3-cyanoacrylate, Michael reaction to 
enaminones, 67, 229 
Ethyl W-(3-cyano-4,5-dihydro-2- 

thienyl)oxamates, reaction with methyl 
cyanoacetate, 66, 205 
Ethyl 3-cyano-3-methyl butyrate, reaction 
with hydrazine en route to pyridazin 
[6,1 -c] [1,2,4]triazines, 61, 235 
Ethyl a-cyano-4-[2- 

methylthienopyrimidinejacetates, 66, 
211 

Ethyl 2-diazo-6-hydroxy-3-oxoheptanoate, 
cyclisation, 65 , 155 

Ethyl diazomalonate, reaction with N- 
phenylmaleimide and N- 
methylbenzylidene imine, 65 , 113 
Ethyl 4-diazo-2-R-3-oxobutyrate, 
decomposition, 65 , 149 
Ethyl 2-diazo-3-oxo-5-mercaptopentanoate, 
decomposition, 65 , 163 
Ethyl diazopyruvate, copper catalysed 

decomposition with benzonitrile, 65,179 
decomposition in presence of butadiene, 
65 , 159 

Ethyl 6,7-difluoro-4-hydroxy-8-(2- 

hydroxyethyl)quinoline-3-carboxylate, 
oxidation, 69 , 109, 69 , 

Ethyl A'-(difluoromethyl)-2,2- 

diphenylaziridine-3-carboxylate, 65 , 100 
Ethyl 4,5-difluoro-7-oxo-2,3-dihydro-7//- 
py rido[3,2,1 -if] [2,1 ]benzoxazinone-6- 
carboxylate, 69 , 109 
4-(6-Ethyl-6,7-dihydro-3-aryl-4-oxo-4tf- 
pyrido[2,l-a]phthalazine-l- 
carbonyl)morpholine, 69 , 101 


Ethyl l,2-dihydroisoquinoline-3-carboxylate, 
65 , 127 

Ethyl 7,8-dihydrorutecarpine-7-carboxylate, 
64, 218 

Ethyl 9-(dimethylaminomethylene)-4-oxo- 
6,7,8,9-tetrahydropyrido[l ,2-a] 
pyrimidine-3-carboxylate, reaction with 
clayfen, 63 , 215 

2- Ethyl-5,5-dimethyl-l,3-dioxan-4,6-dione, 

conformation, 69 , 246 
Ethyl 2,7-dimethylimidazo[2,1 -a] 

isoquinoline-3-carboxylates, 65 , 176 
Ethyl 3,5-dimethylimidazole, 69 , 281 
Ethyl 5,7-dimethyl-4-oxo-l,4-dihydro-l,8- 
naphthyridine-3-carboxylate, 63 , 231 

3- Ethyl-2,6-dimethyl-4/J-pyrido[l,2-a] 

pyrimidin-4-one hydrochloride-thermal 
stability, 63,174 

Ethyl 2,4-dioxy-7-nitro-pyrido[ 1,2-a] 
pyrimidine-3-carboxylate-, 63,140 
4,5-Ethylenedithio-4'- 

methyltetrathiafulvalene, lithiation, 62, 
256 

Ethylene glycol monobenzoate, precursor in 
preparation of acyclonucleosides, 68, 57 
l-Ethyleneperhydro[l,3]oxazino[3,4-a] 
isoquinolines, 70, 56 
Ethylene sulfite, calculation of torsional 
angle, 68, 91 

coupling constants, 68, 91 
Ethyl A-ethoxycarbonyl-V-(2- 

ethoxycarbonylethyl)glycinate, use in 
the synthesis of pyrroles, 64 , 7 
Ethyl 2-ethoxymethyleneamino-3- 

thiophenecarboxylate, reaction with 
hydrazine, 65 , 245 
Ethyl 2-ethoxymethyleneimino-4,5- 

dimethylthiophene-3-carboxylate, 66, 
199 

Ethyl 3-ethyl-2-mcthyl-4-oxo-4//-pyrido 
[l,2-a]pyrimidine-7-carboxylate, 
reaction with amines, 63 , 205 
Ethyl 9-(V-ethyl-/V-phenylcarbamoylthio)-4- 
oxo-4//-pyrido[ 1,2-a]pyrimidine-3- 
carboxylate, 63 , 211 
O-Ethylfagaronine, synthesis, 67 , 374 
Ethyl 3-(2'-fluoro-4'- 

bromobenzyl)thieno[3,4-d]pyrimidin- 
2,4-dione-l-acetate, chlorination in 7,8 
positions, 66, 270 
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Ethyl 5-fluoro-4- 

[cyano(ethoxycarbonyl)methyl]-2,3- 
dihydro-1 -methyl-7-oxo-l //, 1H- 
pyrido[3,2,l-i/]cinnoline-8-carboxylate, 
hydrolysis, 69, 107 

Ethyl formyldiazoacetate, reaction with n- 
butylvinyl ether, 65 , 151 
Ethyl formylhippurate, conversion to 4- 
hydroxyquinoline, 64 , 48 
Ethyl 4,5,6,7,8,8a-hexahydro-3/f-quinolizine- 
1-carboxylate, 70, 38 

Ethyl 7-hydroxyindole 1,4-dicarboxylate, 63 , 
347 

a-Ethylidene(Z)-l//-indole-2-acetonitrile, 
reaction with 2-ethylprop-2-enal, 63,378 
r-4a, c-5a, 

Ethylideneperhydro[ 1,3]oxazino[3,4- 
6]isoquinoline, hydrolysis, 70 , 31 
Ethyl imidazo[2,l -6]thiazole-6-carboxylate, 
reaction with hydrazine hydrate, 69 , 298 
Ethyl 5-iminoimidazo[2,l -f>]thiazole-6- 
carboxylate, 69 , 288 
(ra«s-2-Ethyl-3-iodotetrahydrofuran, 
synthesis, 69 , 26 

/V-Ethylisothiazolone, reaction with 
diazomalonoester, 66,148 
Ethyl 2-isothiocyanato-l-carboxylates, 69 , 
395 

Ethyl 2-mercapto-5-methyl-imidazole-4- 
carboxylate, 69, 280 

Ethyl 9-mercapto-4-oxo-4/7-pyrido[ 1,2-a] 
pyrimidine-3-carboxylate, 63 , 211 
Ethyl 2-methyl-4-hydroxy-5,6-dihydro-4a//- 
pyridazino[l ,6-a]quinoline-3- 
carboxylate, 69,116 

Ethyl 2-methyl-4-hydroxy-5,6,7,8-tetrahydro- 
4aH-py rid o[ 1,2-f>]pyridazine-3- 
carboxylate, dehydrogenation, 69,100 
Ethyl -2-(l-methyl-2-indolyl)acrylate, 

reaction with dihydropyridine, 63 , 378 
Ethyl 7-methyl-9-nitro-4-oxo-4/7-pyrido 
[l,2-a]pyrimidine-3-carboxylate, 

63 , 143 

Ethyl 4-(6-methyl-4-oxo-4//-pyrido[l,2-u] 
pyrimidin-2-yl)butanoate, 63 , 133 
Ethyl 2-methyl-4-oxo-4/J-pyrido[l ,2-a] 
pyrimidine-7-carboxamide-, 63 , 134 
Ethyl 6-methyl-4-oxo-4//-pyrido[l ,2-a] 

pyrimidine-3-carboxylate- structure, 63 , 
117 


Ethyl 2-methyl-4-oxo-3,4,5,6-tetrahydro- 
4a//-pyridazino[ 1,6-a]quinoline-3- 
carboxylate, thermolysis, 69, 104 
Ethyl 3-methyl-6-phenylimidazo[2,l-£>] 
thiazole-2-carboxylate, reaction with 
dimethyl acetylene dicarboxylate, 69,294 

3- Ethyl-2-methyl-4//-pyrido[l,2-fl] 

pyrimidin-4-thione, 63, 204 

4- Ethyl-5-methyl-2-pyrone, annulation with 

trimethylenemethane Pd(0) complex, 
65 , 364 

Ethyl-6-methyltetrahydropyran-3-one-2- 
carboxylate, 65 , 155 
Ethyl 2-methylthio-4-oxo-4//-pyrido 

[ 1,2-<j]pyrimidine-3-carboxylate, 63 , 152 
reaction with ethyl mercaptoacetate, 63 , 
200 

2-Ethyloxane, simulated ,3 C NMR spectra, 

69 , 229 

Ethyl 3-oxo-4-phenyl-l,4-oxazine-3- 
carboxylate, 65 , 188 
Ethyl 7-oxo-,lW, 3 -H, 7/f-pyrido[3,2,l- 
i/][3,l]benzoxazine-6-carboxylates, 
hydrolysis, 70, 37 

Ethyl 4-oxo-4//-pyrido[l ,2-a]pyrimidine-3- 
carboxylate, 63 , 142 

Ethyl 8-oxo-8//-pyrido[l,2-c]pyrimidine-6- 
carboxylate, 70, 68 
Ethyl 2-oxo-6,7,8,9-tetrahydro-2//- 

pyrido[l,2-a]pyrimidine-3-carboxylate, 
Vilsmeier-Haack formylation, 63 , 172 
cis-4a, 7-//-7-Ethyl-perhydropyrido 

[l,2-c][l,3]oxazine, conformations, 70,11 
NMR spectra and conformations, 70, 12 
4-(-Ethyl-V-phenyl)amino-2//-pyrido[l,2- 
a]pyrimidin-2-one, catalytic reduction, 
63,171 

Ethyl 3-phenyl-6-p-chlorophenylimidazo 
[2,l-6]thiazole-2-carboxylate, X-ray 
structure, 69 , 300 

Ethyl-2-phenyl-l,3-oxazole-5-carboxylate, 

65, 180 

fra/is-4a-//-7-Ethylphenylperhydro[l,2-c] 
[l,3]thiazine, infrared spectroscopy, 

70, 18 

*H NMR spectroscopy, 70, 18 
13 C NMR spectroscopy, 70, 20 
Ethyl a-phenylsulfodiazoacetate, reaction 
with nitriles, 65, 180 

Ethyl V-(phenylthiomethyl)amino acids- 
reaction with unsaturated esters, 64, 10 
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Ethyl 3-pyrrolidinocrotonate, reaction with 
ketenes, 67 , 262 

Ethyl 3-(/3-D-ribofuranosyl)propynoate, 
reaction with ammonium 
dithiocarbamate, 68, 389 

3- [3-Ethyl(4-substituted- 

piperidine)thieno[3,2-d]pyrimidine- 
2(1/7),4(3//)-diones, 66, 238 
Ethyl DL-tartrate, in preparation of 
acyclonucleosides, 68, 74 
Ethyl tetrahydrothiophen-3-one-2- 
carboxylate, 65 , 163 

Ethyl thieno[2,3-rf]pyrimidine-6-carboxylate, 
hydrolysis, 66, 225 

4- Ethyl-5-(p-tolylazo)tropolone, cyclisation 

to pyrazolotropolone, 64 , 102 
10-EthyH0//[l,2,4]triazolo[3',4':3,4] 

[1,2,4]triazino[5,6-6]indole, preparation, 
61 , 291 

Ethyl 4,5,6-trifluoro-l-methyl-7-oxo-2,3- 
dihydro-1//, 7//-pyrido[3,2,l- 
i/]cinnoline-8-carboxylate, regiospeciflc 
displacement of 6-fluoro atom, 69 , 103 
Ethyl 4,5,6-trifluoro-l-methyl-7-oxo-l,2,3,7- 
tetrahydro-1//, 7//-pyrido[3,2,l-y] 
cinnoline-8-carboxylate, reaction with 
malonate salts, 69 , 104 
3-Ethyl l,2,6-trimethyl-4-oxo-4//-pyrido[l,2- 
a]pyrimidinium iodide, 63 , 182 
Ethyl vinyl ether, polymerisation with 4- 
phenyl-l,2,4-triazoline-3,5-dione, 67 , 187 
2-Ethynyl-7fl-hydroxy-3a, 7-dimethyl-4,6- 
diphenylperhydropyrrolo[3,2-c] 
pyridines, ring chain tautomerism, 64 , 
286 

5- Ethynyl-2-pyrones, 65 , 325 
Eudistone A and B, 70, 99, 116 
Euglenapterin, see 2-dimethylamino-6-(L- 

r/ireo-tetritol-l-yl)pteridin-4-one 
Exomethylenetetrahydropyridines, from 
enaminones, 67 , 273 

Ezomycins Bi, B 2 , Ci C2P1P2, isolation and 
structures, 68, 362 
Ezomycins, 68, 226 


Fagaronine, 67, 345 

activity against P388 and L1210 cell lines, 
67 , 347 

synthesis, 67 , 362; 67 , 374; 67 , 383 


Famciclovir, see 9-[4-acetoxy-3- 

(acetoxymethyl)butyl]-2-aminopurine 
Fauronylacetate, 65 , 356 
Ferrocenotropolone, NMR spectra, 66, 288 
Ferrocenotropone, NMR spectra, 66, 288 
Fervenulin, preparation, 61 , 252 
pyrimidine ring cleavage, 61 , 259 
Fervenulin-4-oxide, ring cleavage, 61 , 259 
1,3-dipolar cycloaddition, 61 , 259 
FG AR see (A-formyl)-glycinamidine ribotide 
Flavanols, preparation, 69 , 72 
Flavanones, conversion to isoflavones, 69 , 69 
Flavazol-3-yl acyclo C-nucleosides, 70, 289 
wo-Flavones, from flavanones, 69 , 69 
jV-Fluorenylmethyloxycarbonylamino acids, 
reaction with aldehydes, 64 , 22 
jV-Fluoroalkyltetrachloroaziridines, 65 , 99 
9-Fluoro-10-(cyclic amino)-7-oxo-l//-3//- 
7//-pyrido[3,2,l-(/][3,l]benzoxazine-6- 
carboxylic acids, antibacterial activity, 
70, 75 

5-Fluorocytallene, preparation, 69, 197 

1- Fluoro-l-deoxyephedrine, synthesis by 

reaction of a cyclic sulfamate with 
fluoride ion, 68,147 

2- (2' -Fluoro-2',3' -dideoxy-/3-D- 

xylofuranosyl)imidazo[4,5- 
d]pyrimidine, 70, 252 
Fluorofurans, 65 , 152 

5-Fluoro-4-hydroxy-2,3-dihydro-l-methyl-7- 
oxo-1 H, 7//-pyrido[3,2,l-(/]cinnoline-8- 
carboxylic acid, preparation, 69 , 103 
4-Fluoroimidazole, from 4(5)-nitroimidazole 
by reduction and diazotisation in 
tetrafluoroboric acid solution, 61 , 7 
a-Fluoroketones, 62 , 7 
(2s)-l-Fluoro-3-(R)-[(4- 

methylphenyl)sulfinyl]-2-propanol, as a 
precursor of acylonucleosides, 68, 16 
2-Fluorooxane, calculated conformational 
equilibria, 69 , 225 

4-Fluoro-7-oxopyrido[3,2,l-(/]cinnoline-8- 
carboxylic acid, displacement of fluorine 
atom, 69 , 103 
2-Fluoropyridine, 62 , 1 
jV-Fluoropyridinium salts, preparation, 62 , 2 
properties, 62 , 3 
reactivity, 62 , 4 
fluorinating agents, 62 , 5 
nucleophilic reactions, 62 , 9 
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3-Fluoroquinoline, 65, 131 
V-Fluoroquinuclidinium fluoride, 62, 5 

2-Formamidothiazole, in synthesis of 
thiazoiotriazoles, 69, 326 

2- Formamidothiophene-3-carboxamide, 

cyclisation to thienopyrimidinones, 65, 
243 

Formycin see 7-amino-3-(/3-D- 
ribofuranosyl)pyrazolo[4,3-6] 
pyrimidine 

Formycin B see 3-(/3-D-ribofuranosyl)- 
pyrazolo[4,3-6]pyrimidin-7-one 
Formycin 6-oxide, in preparation of 
oxoformycin, 70, 239 

3- Formylaminothiophene-2-carboxylate, 

reaction with ammonia, 65, 256 

4- Formyl-2-azacycl[3,2,2]azine, synthesis 

from 5-methylimidazo[l,5-o]pyridine, 
68, 207 

3-Formyl-4//-l-benzopyran-4-ones, 63, 93 

2- Formylbenzo[6]tellurophene, 63, 26 

5- Formyl-2,2'-bithiophene, X-ray structure, 

67, 11 

5- Formyl-6-p-chlorophenylimidazo[2,l- 

hjthiazole, reaction with 
aminoguanidine, 69, 298 

3- Formylchromone, addition reactions, 65, 

293 

2- Formylcyclohexanone, in synthesis of 

octahydrobenzophenanthroline, 70, 91 
reaction with phenylenediamine, 70, 93 
/V-Formyl-2-(2-deuterio-2-p- 

methoxyphenylethyl)piperidine, 70, 32 

4- Formyl-l ,3-dimethoxyacridin-9(l 0/7 )-one, 

in preparation of hallacridone, 70,149 

3- Formyl-4,6-dioxo-l,3,6- 

trimethylpyrimidine, condensation with 
Schiff bases, 68, 189 

reaction of 2 moles with amines, 68,190 
jV-Formyl enaminones, photolysis, 67, 218 
(A'-Formyl)-glycinamidinc, precursor of 5- 
aminoimidazole ribotide, 61, 28 
ll-Formyl-10- 

hydroxybenzo[6][l,7]phenanthroline, 
cytotoxicity, 70, 102 

6- Formylimidazo[2,l-6]thiazole, conversion 

to thiosemicarbazone, 69, 298 

3- Formyl-2-methoxychromone, 65, 353 

4- Formyl-7-methoxy-2- 

methylbenzo[6]furan, in the synthesis of 


benzo[c]phenanthridine alkaloids, 67, 
358 

3-Formyl-4-methoxy-2//-pyrido[l,2-a] 
pyrimidin-2-one, 63, 126 

5-Formyl-6-methylimidazo[2,l-6]thiazole, 
reduction, 69, 295 

3-Formyl-5-methyl-2,4,6-triphenyl-4//- 
pyran, 65, 287 

3- Formyl-2-phenylamino-4//-pyrido[l,2-a] 

pyrimidin-4-one, 63, 202 
cw-2,3,4-/7-l-Formyl-2-(2-phenethyl)-3- 
substituted piperidin-4-ols, preparation, 
70, 39 

4- Formyl-2-phenyl-l,2,3-triazole, 68, 320 
N-Formylproline, 1,3-dipolar cycloaddition 

with propargylic aldehyde, 64, 39 
3-Formyl-4//-pyrans, 65, 287 
aldehyde type reactions, 62,100 

1- Formylpyrazoline, ring chain tautomerism, 

64,299 

3-Formyl-4//-pyrido[l,2-a]pyrimidin-4-ones, 
Wittig reaction, 63,191 

2- Formyl-2-/3-D-ribofuranosylacetato-nitrile, 

70, 220 

2- Formyl-3-(/3-D-ribofuranosyl)propanoate 

enol ether, reaction with urea, 68, 374 

3- Formyl-4-/3-D-ribofuranosylpyrrole, 

expansion to pyrrolof 1,5-rf] 1,2,4- triazin- 
8-yl C-nucleosides, 70, 296 
9-Formyltetrahydro-2//-pyrido[l,2-n] 

pyrimidin-2-ones, tautomerism, 63,115 

3- Formyltetrahydropyrido[l,2-a]pyrimidin- 

4-ones, protonation, 63,106 
structure, 63,114 

9-Formyl-l,6,7,8-tetrahydro-4//-pyrido 
[ 1,2-a]pyrimidin-4-ones, reduction, 63, 
179 

reaction with clayfen, 63, 215 
reaction with diazomethane, 63, 218 
tautomers, 63, 220 

Formyltetrahydrothiafulvalene, reduction, 
62, 260 

reductive amination, 62, 260 
Wittig reaction, 62, 260 
preparation, 62, 277 

4- Formylthieno[2,3-d]pyrimidines, 66, 220 
3-Formyltropolone, condensation with 

hydrazines, 64, 105 

2-Formyl-l-ureidopyrrol-5-yl C-nucleoside, 
70, 296 
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Fructosazine, see 2,5-di-(D-ara6ino-tetritol- 

l-yl)pyrazine, 

Fulminic acid, precursor of 5,5'-biisoxazole, 
67,24 

Furan-3,4-dicarboxaldehyde, precursor to 
4,4'-bipyrazole, 67, 22 

2-Furanoyl chloride, palladium catalysed 
coupling with silanes to 2,2'-bifurans, 
67,8 

Furanylboroxines, precursors to 3,3'- 
bifurans, 67, 9 

Furazono[3,4-d]pyrimidine, in preparation of 
acyclovir, 69, 135 
Furo[2,3-a]acridones, 70, 145 
Furobenzofuranones, 65, 303 
Furo-p-benzoquinonetropides, 66, 386 
Furo [3,4-c] [ 1,5 ]benzothiazepines, 63, 69 
Furo[3,4-6] [1,5]benzothiazepin-l -one, 63, 69 
Furoditropolone, 64,117 
Furoditropones, 64, 118 
Furoditropylium salts, reduction, 66, 382 
Furofoline-I, 70,148 

Furo[2' ,3' :4,5]imidazo[2,l -6]thiazolium-3- 
olate, reaction with acetylene 
carboxylates, 70, 202 
Furo[2' ,3:4,5]imidazo[2,l -6]thiazolium-3- 
olate acyclo C-nucleoside acetate, 
formation, 70, 192 
Furo[2,3-d]oxazolidin-5-yl acyclo C- 
nucleosides, 70, 186 
Furoparadine, 70,148 
Furo[3,2-c]pyridine, 62, 396 
Furopyridotriazinium salt, precursor to 
pyrido[l,2-f>]pyridin[3,4-c] 

[1.2.4] triazines, 61, 309 
Furo[2,3-d]pyrimidin-6-one nucleosides, 62, 

327 

Furo[3,4-c]pyrroles, 65, 117 
Furo [2' ,3' :4,5 ]py rrolo[l ,2-d] 

[1.2.4] triazolo[3,4-/][li,4]triazines, 61, 
295 

Furo[3,4-c]pyrrol-l-yl acyclo C-nucleoside, 
70, 167 

Furo[3,l-e]quinazolines, 64, 219 
Furothienotropones, UV spectra, 66, 301 
IR spectra, 66, 304 

Furothienotropylium ions, electron densities 
by molecular orbital calculations, 66,379 
Furo[3,4-d]l,2,3-triazol-4-yl acyclo C- 
nucleosides, preparation, 70, 197 


Furotropolones, UV spectra, 66, 300 
molecular orbital calculations, 66, 329 
pKa values, 66, 330 

Furotropone, 13 C NMR spectra, 66, 293 
mass spectra, 66, 305, 66, 306 
aromaticity, 66, 307 

Furo[a]tropone, basicity, 66, 331 
lithium aluminium hydride reduction, 66, 
337 

cycloaddition with dimethyl acetylene 
dicarboxylate, 66, 364 

Furo[6]tropones, 64, 99, 64, 101 
chromium tricarbonyl complexes, 66, 

331 

Furotropylium ions, NMR spectra, 66, 312 
IR spectra, 66, 320 
electron densities, 66, 379 

2-(2-Furyl)alcohols, conversion to pyranones, 
69,66 

C-(2-Furyl)-iV-(2-hydroxyalkyl)aldonitrones, 
ring chain tautomerism, 66, 17 

6-(2'-Furyl)imidazo[2,l-6]thiazoles, 
bromination, 69, 291 

V-Furyl-V-methyl diazoacetamide, 65, 

120 

2-(2-Furyl)-2-oxo-V-arylethanehydrazonoyl 
chloride, 63, 290 

1- (2'-Furyl)-l,3-pentadiene, reaction with 

maleic anhydride, 63, 359 

2- Furylpyridines, 62,12 

3- (2-Furyl)pyridine, from triflate of pyridin- 

3-ol and 2-furylzinc chloride, 62, 377 


Galactaroyl l,4-bis(4- 

arylthiosemicarbazide)acetates, 
cyclisation, 68, 327 

D-Galactopyranose lepidin-2-yl reverse C- 
nucleoside, 70, 208 

3-(/3-D-Galactopyranosyl )-l ,2,4-triazolo 

[4,3-fl]pyrimidine, base induced Dimroth 
rearrangement, 70, 256 
Galactoryl 1,4-bis(dithiocarbohydrazides) 
tetraacetates, dehydrocyclization, 68, 
337 

D-Galactose monothiocarbonohydrazones, 
ring chain tautomerism, 66, 34 
D-Galactose thiosemicarbazones, ring chain 
tautomerism, 66, 20 
Gerparvarin, synthesis, 67, 221 
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Girolline, as anticancer agent from marine 
sponge, 61 , 5 

enantiomeric synthesis, 61 , 5 
racemic synthesis, 61 , 5 
Glucofurano[2,l-d]imidazolidines, 
preparation, 68, 286 

3- (/3-D-Glucofuranosyl)pyridazines, 68, 354 
D-Gluconoyl isothiocyanate pentaacetate, 

condensation with ethyl 3- 
aminocrotonate, 68, 376 
reaction with diazomethane, 68, 301 

1- D-Gluconoylthiosemicarbazide, 

dehydrocyclization, 68, 337 
D-Glucosamine, reaction with 1,3-dicarbonyl 
compounds, 68, 69 

D-Glucose monothiocarbonohydrazones, 
ring chain tautomerism, 66, 34 
D-Glucose thiobenzoylhydrazone, ring chain 
tautomerism, 66, 45 

D-Glucose thiosemicarbazone, ring chain 
tautomerism, 66, 20 
L-Glyceraldehyde imine, reaction with 
lithiated 2-(N,N- 

diethylcarboxamido)toluene, 70, 212 

2- (p-erythro-G\y cerol-1 -yl)pyrrole 

derivatives, 68, 253 
Glycobisamines A-C, 70,127 
Glycocitrine II, conversion to noracronycine, 
70, 134 

Glycofoline, 70, 138 

2-(/3-D-Glycofuranosyl)furan, 
photooxygenation, 68, 354 
2-(Glycofuranosyl)-2-isocyano-2-(4- 

tolylsulfonyloxy)ethene, reaction with 
amines, 68, 280 

4- (/3-D-Glycofuranosyl)-4-oxobutyric acid 

derivatives, 68, 354 

2-(/3-D-Glycofuranosyl)pyranones, 68, 354 
Glycopyrano[2,l-d]imidazolidin-2-ones, 68, 
285 

Glycopyrano[2,l-d]imidazolidin-2-thiones, 
68, 285 

5- (a-Giycopyranosyl)uracil, 68, 365 
5-(/3-Glycopyranosyl)uracil, 68, 365 
Glycosylalkynyl ketones, reaction with 

hydrazines, 68, 267 

C-Glycosylation of protonated pyridines, 

68, 343 

1,2-tran.r-Glycosyl azides, synthesis via azide 
attack on cyclic sulfates, 68,149 


Glycosyl cyanides, reaction with ammonium 
azide, 68, 339 

2-Glycosylcyanoacetaldehyde, 

cyclocondensation with hydrazines, 68, 
269 

C-Glycosyldiazomethanes, reaction with 
dimethyl acetylene dicarboxylates, 70, 
211 

2- Glycosyl-l,3-diphenylimidazolidines, 

preparation, 68, 278 
Glycosylethoxycarbonylmethyl ketone, 
reaction with hydrazines, 68, 267 

5- Glycosylisoxazoles, preparation, 68, 

291,294 

3- Glycosylpropargaldehyde, reaction with 

hydrazines, 68, 267 

3-Glycosylpropyn-l-ylaldehyde, reaction 
with hydrazines, 68, 267 

3- Glycosylpyrazoles, preparation, 68,266,267 

4- Glycosylpyrazoles, preparation, 68, 269 
Glycosylthioformimidates, reaction with 2- 

hydrazinopyridines, 70, 202 
Glycosylvinyl ketone, reaction with 
hydrazines, 68, 267 

as-Glyoxal sulfate, dipole moment, 68, 93 
Glyoxal sulfate, precursor to fcisimidazoles, 
68, 156 

Gonibutenolides, synthesis, 68,144 
Gracridontriol, 70,146 
Gravacridondiol, 70, 146 
Gravacridondiol acetate, 70,146 
Gravacridondiol monomethyl ether, 70, 

146 

Gravacridone chloride, 70, 146 
Gravacridonol, 70,146 
Gravacridonolchloride, 70, 146 
Griseofulvin, 65,143 

4- Guanidine-3-nitroquinolines, cyclisation to 

[ 1,2,4]triazino[6,5-c]quinolineA'-oxides, 
61 , 227 

6- Guanidino-2-oxocapronic acid, ring chain 

tautomerism, 64 , 291 

5- Guanidino-2-oxovaleric acid, ring chain 

tautomerism, 64 , 290 


Hallacridone, 70, 148 
V-Haloarylalkyl-substituted enaminones, 
photocyclisation, 67, 321 
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N-2-Haloaryl enaminones, cyclisation to 
indoles, 67, 241 

cyclisation to carbazoles, 67, 244 
4-Halocoumarins- reaction with 
triethylphosphite, 65, 317 

1- Halo-l-deoxy-2-ketose acetates, reaction 

with thioamides, 68, 316 
2' -Halo-2' -deoxypyrimidin-5-yl C- 
nucleosides, 68, 373 
3-Halo-2,4-dimethylpyrido[l,2-n] 

pyrimidinium perchlorate, 63,124 

2- Halogeno-5-arylfuran-3,4-dicarboxylates, 

65, 147 

6-Halogenoimidazo[2,l-f>] 

[l,3,4]thiadiazoles, 69, 306 

3- Halogenopropionic acids, reaction with 

thioureas, 66,150 

2- Halogenopyridine, 62, 11, 62,12 

3- Halogenopyridines, 65,131 
3-Halogenoquinolines, 65,131 

2- Haloimidazolo[4,3-fl]pyrimidines, 70, 250 

1- Haloisoquinoline, coupling to 1,1'- 

biisoquinoline, 67, 56 

3- Halomethylpyridines, reaction with 

derivatives of ethylene glycol, 68, 352 

2- Haloquinolines, homocoupling in presence 

of nickel catalysts, 67, 52 

3- Haloquinolines, homocoupling reactions, 

67,53 

4- Haloquinoline, homocoupling reactions, 

67, 54 

Halotetrathiafulvalenes, metal-halogen 
exchange, 62, 274 

2-Halotropones, ring contractions, 66, 369 
Harringtonine alkaloids, synthesis, 67, 231 
Hennoxazole, 67, 32 

HEPT, see l-[(2-hydroxyethoxy)methyl]-6- 
(phenylthio)thymine 

C-(and V-)-Heteroarylhydrazonoyl halides, 
1,3-dipolar cycloaddition reactions, 63, 
306 

1,3-dipolar cycloadditions to N- 
arylmaleimides, 63, 309 
reaction with ethyl cyanoacetate, 63, 314 
reaction with benzoylacetonitriles, 63, 314 
reaction with malononitriles, 63, 315 
reaction with aniline, 63, 316 
reaction with thiourea and selenourea, 

63, 321 

reaction with thiocyanates and 
selenocyanates, 63, 322 


reaction with potassium cyanide, 63, 329 
reaction with sodium benzenesulfinate, 
63,331 

reaction with triphenylphosphine, 63, 333 
2-Heteroarylpyridines, 62, 10 
l-Hetero-2-aza-l ,3-dienes, 64, 179 
Heterocyclic troponoids, uv spectra, 66, 295 
Hexacyclo[6,5,l,0 2 - 7 , 0 311 , 

0 4 . 9 0 1014 ]te tra d e c ane , 65, 343 
O-Hexadecylthiocarboxytetrathiafulvalenes, 
62, 279 

(z)-4-Hexafuranose-l-ylidene-5-oxazolone, 
preparation, 68, 299 
Hexahydrobenzo[c]phenanthridine, in 
synthesis of benzo[c]phenanthridine 
alkaloids, 67, 351 

Hexahydro-1,3-benzoxazines, synthesis, 69, 
374 

c«-Hexahydro-l,3-benzoxazines, synthesis, 
69, 376 

trans-Hexahydro-3,l-benzoxazines, 
synthesis, 69, 376 

Hexahydro-2//-3,l-benzoxazines, synthesis, 
69, 378, 379 

reaction with phosphorus pentasulfide, 

69, 383 

4a,5,6,7,8,8a-Hexahydro-4//-3,l- 

benzoxazine, conformations, 69, 417 
dj-l,4,4a,5,8,8a-Hexahydro-2-//-3,l- 

benzoxazin-2-one. X-ray structure, 69, 
424 

Hexahydro-2//-3,l-benzoxazin-4-one, 69,380 
c«-l,4,4a,5,8,8a-Hexahydro-2-H-3,l- 

benzoxazin-2-thione, X-ray structure, 
69, 424 

frans-4a,5,6,7,8,8a-Hexahydro-2-(4- 

bromophenyl)-4(3H)-quinazolinone, X- 
ray structure, 69, 438 
as-Hexahydrocyclopent[e][l,3]oxazin- 
2(3/7 )-one, X-ray structure, 69, 423 
cis-Hexahydrocyclopent[e][l,3]oxazin- 
2(3//)-thione, X-ray structure, 69, 423 
rrarcs-Hexahydrocyclopent[e][l,3]oxazin- 
2(3//)-thione, X-ray structure, 69, 423 
23,4^,6,7-Hexahydro-l//-l,4-diazepines, 64,227 
(4a,4a/3,7a/3)-Hexahydro-7o-hydroxy-4- 
phenylcyclopenta[4] [1,3]thiazine- 
2(l//)-thione, X-ray structure, 69, 434 
Hexahydroimidazonaphthyridines, 67, 300 
Hexahydroimidazo[l,2,3-i,/j] 
[l,8]naphthyridines, 67, 300 
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Hexahydroimidazo[l,2-a]pyridone, 67 , 295 
Hexahydroindolizidines, formation, 67 , 247 
Hexahydroindol-6-ones, preparation by 
oxidation of tyramines, 69 , 30 
(4aa,5/3,8/3,8aa)-l,4,4a,5,8,8a-Hexahydro- 
5,8-methano-2//-3,l-benzoxazine-2- 
tbione. X-ray structure, 69 , 428 
diendo-4a, 5,6,7,8,8a-Hexahydro-3//-5,8- 
methano-quinazolin-4-ones, 
conformations, 69 , 419 
(2a,4aa,7aa)-Hexahydro-2-methyl-2- 
pbenylcyclopent[e][l,3]oxazin-4(4//)- 
one, X-ray structure, 69 , 430 
1,2,3,3a,9,9a-Hexahydro-l -methyl-2- 
(trimethylsilyl)cyc!openta[6][l] 
benzopyran-9-one, 65 , 290 
1,2,3,4,4a,5-Hexahydro-8-nitro-l H- 

p yridino [2,1 -c] [ 1,2,4]benzothiazine-6,6- 
dioxide, 65 , 28 

Hexahydro[l,3]oxazino[3,4-f»]isoquinoline, 
NMR spectra and conformations, 70 , 13 
Hexahydro[l,3]oxazino[4,3-a]isosquinoline, 
conformations, 70 , 9 

1.2.4.5.6.116- Hexahydro[l ,3-a]oxazino 
[4,3-a]isoquinoline, conformations by 
infrared spectroscopy, 70,19 

Hexahydro-3//-[l,3]oxazino[4,3-a] 
isoquinolin-l-one, 70, 59 

1.2.4.6.7.116- Hexahydro[l,3]oxazino[4,3-a] 
isoquinolin-4-ones, 70 , 54 

Hexahydro[l,3]oxazino[3,4-a]quinoline, 
conformations and Bohlmann bands in 
the spectra, 70, 9 

l,2,3,5,6,7-Hexahydro-4-oxoindol-3-yl acyclo 
C-nucleosides, 70 , 172 
l,6,7,8,9,9a-Hexahydro-4-oxo-4/7-pyrido 
[ 1,2-a]py rimidine-3-carboxamide-N- 
alkylation, 63 , 183 

cis-4a, 5,6,7,8,8a-Hexahydro-Ai-phenyl-4W- 

3.1- benzoxazine-2-amine, X-ray 
structure, 69, 426 

trans-4a, 5,6,7,8,8a-Hexahydro-2-phenyl-4//- 
1,3-benzothiazine, X-ray structure, 69 , 
435 

cis-4a, 5,6,7,8,8a-Hexahydro-N-phenyl-4N- 

3.1- benzothiazine-2-amine, X-ray 
structure, 69, 434 

trans-4,4a, 5,6,7,7a-Hexahydro-2- 

phenylcyclopenta[e][l,3]thiazine, X-ray 
structure, 69, 435 


cis-4a, 5,6,7,8,8a-Hexahydro-2-phenyl- 
4(3//)-quinazolinone, X-ray structure, 
69 , 438 

trans-4a, 5,6,7,8,8a-Hexahydro-2-phenyl- 
4(3/7 )-quinazolinone, X-ray structure, 

69, 438 

2,3,4,6,7,116-Hexahydro-l//-pyridazino 
[6,l-a]isoquinoline, 69, 115 
23,4a, 4,5,6-Hexahydro-l//-pyridazino 
[l,6-a]quinoline, 69, 100 
catalytic reduction, 69, 99 
benzoylation, 69, 101 
2,4a, 5,6,7,8-Hexahydropyrido[ 1,2-a] 

[1.2] oxazines, reduction, 69, 96 
cis-4a, 8-//-1,3,4,4a, 7,8-Hexahydropyrido 

[l,2-c][l,3]oxazine-8-carboxylic acid, X- 
ray crystallography, 70,17 
cis-3,4a-//l,3,4,4a, 5,6-Hexahydropyrido 
[l,2-a][l,3]oxazine-l,6-diones, 70, 56 
Hexahydropyrido[l,2-c][l,3]oxazine-l,6- 
dione, reaction with Grignard reagents, 

70, 35 

2,4a, 5,6,7,8-Hexahydropyrido[l ,2-6] 

[1.2] oxazin-8-one, hydrogenation, 69, 97 
reaction with Grignard reagents, 69, 97 

3-(Hexahydro-l//-pyrido[2,l-a]phthalazin-3- 
yl)propionate, thermolysis to 
diazasteroid, 69,101 

4,4a, 5,6,7,8-Hexahydro-3//-pyrido[l ,2-6] 
pyridazine,69,114 
catalytic reduction, 69 , 99 
Hexahydro-8//-pyrido[ 1,2-6]pyridazin-8- 
ones, NMR and conformations, 69 , 95 
preparation, 69 , 122 
3,4,6,7,8,9-Hexahydro-2//-pyrido[l,2-a] 
pyrimidine, basicity, 62 , 106 
Hexahydro-3//-pyrido[l ,2-c] 

pyrimidin-3-ones chloride, X-ray 
structure, 70 , 30 
protonation constant, 70 , 21 
4,4a, 5,6,7,8-Hexahydro-3//-pyrido[l ,2-c] 
pyrimidin-3-one, methylation, 70 , 45 
1,6,7,8,9,9a-Hexahydro-4//-pyrido[l ,2-a] 
pyrimidin-4-one, 63 , 180 
theoretical and spectral studies, 63 , 112 
Hexahydro-6//-pyrido[l,2-a]pyrimidin-6- 
one, 63 , 164 

2,3,4,4a, 5,6-Hexahydro-l//-pyrido[l ,6-a] 
quinoline, 70, 24 

Hexahydro-4//-pyrido[2,1 -6] [ 1,3 ] thiazin-4- 
one, 63 , 236 
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Hexahydropyrimidines, conformational 
isomerisation, 69, 401 

2.3.4.6.7.116- Hexahydro-2tf-pyrimido 
[6,l-a]isoquinolin-2,4-dione, 70, 69 

1.2.3.6.7.116- Hexahydro-4//-pyrimido 
[6,1 -a]isoquinolin-2,4-dione, reaction 
with sodium hydride, 70, 47 

1.3.4.6.7.116- Hexahydro-2tf-pyrimido 
[6,l-fl]isoquinolin-2-one, 70, 65 

Bohlmann bands in infrared spectra, 70,24 

1.3.4.5.6.7.116- Hexahydro-2W-pyrimido 
[6,l-fl]isoquinolin-4-ones, X-ray 
structure, 70, 30 

1.2.3.6.7.116- Hexahydro-4W-pyrimido 
[6,l-a]isoquinolin-4-ones, 70, 73 

2,3,4,4a, 5,6-Hexahydro-lW-pyrimido 
[l,6-a]quinolin-l-one, 70, 62 
3,4,5,6,7,8-Hexahydroquinazolin-2(lW)-one, 
reaction with nitroacetic acid, 69, 387 
cu-Hexahydrospiro[2/7-13-benzoxazine- 
2,1 '-cyclopentan]-4(3W)-one, X-ray 
structure, 69, 431 
c«-Hexahydrospiro[cyclohept[e] 

[1.3] oxazine-2(3tf),T-cyclopentan]- 
4(4a-//)-one, X-ray structure, 69, 431 

rram-Hexahydrospiro[cyclohept[e] 

[1.3] oxazine-2(3H ),1 '-cyclopentan]- 
4(4a-//)-one, X-ray structure, 69, 432 

cu-Hexahydrospiro[cyclohexane-l,2'(l'//)- 
quinazolin]-4'(3'W)-one, X-ray 
structure, 69, 437 

(ram-Hexahydrospiro[cyclohexane- 

1,2'(1 'tf)-quinazoIin]-4'(3'W)-one, X- 
ray structure, 69, 437 

1.2.4.6.7.116- Hexahydro[l,3]thiazino 
[4,3-a]isoquinoline, 70,61 

conformations by infrared spectroscopy, 
70, 19 

'H NMR spectroscopy, 70, 18 
1,3,4,4a, 5,10-Hexahydro[l 3]thiazino 
[3,4-6]isoquinoline-l-thione, 70, 61 

reaction with methyl iodide, 70, 40 
cis and rram-l,l,2,3,3,4-Hexamethyl-l,3- 
disilacyclobutanes, 65,172 
dl- and m«o-2,5-Hexanediols, reaction with 
thionyl chloride, 68, 108 
Hexapyrrins, 67, 6 

4-n-Hexyl-l ,3,2-dioxathiolane 2,2-dioxide, 
reaction with lithium naphthalide, 68, 
138 


2- Hexylpyridine, from 2-bromopyridine and 

n-hexylzinc, 62, 375 
Hippuric acid, transformation into 
oxazolidin-5-one, 64, 22 
reaction with 1,3-dicarbonyl compounds, 
64,33 

Homopterocarpin, synthesis, 69, 52 
Homopyrazofurin, synthesis, 68, 270 
Homoserine- conversion to lactone, 64, 16 
Homoshowdomycin, 68, 250 
Honvumine, 70,138 

Hydrazinobis(iminophosphoranes), reaction 
with 1,3-diketones, 64, 191 
6-Hydrazino-l,3-dimethyluracil, precursor to 
pyrimido[5,4-e][l ,2,4]triazin-4-oxide, 61, 
253 

3- Hydrazino-5,6-diphenyl[l,2,4]triazine, 

reaction with phenacyl halides to 
triazinotriazines, 61, 276 
2-Hydrazino-4-hydroxy-6-methylpyrimidine, 
in preparation of l,2,4-triazolo[4,3-a] 
pyrimidin-2-yl C-nucleosides, 70, 259 

1- Hydrazinoisoquinoline, precursor to 

[l,2,4]triazino[3,4-u]isoquinolines, 61, 229 
5-Hydrazinoisoxazolidin-3-ones ring chain 
tautomerism, 66, 20 

5-Hydrazino-2-isoxazolines tautomerism 
with 5-hydroxylamino-2-pyrazolines, 
66,40 

2- Hydrazino-7-methoxytropone, conversion 

to pyrrolotropolones, 64,123 

2- Hydrazino-3 (or 5-)nitropyridines, 

formation ofl,2,4-triazolo[4,3-a]pyridin- 
3-yl C-nucleosides, 70, 202 

4- Hydrazino-7-phenylpyrazolo[l,5- 

a][l,3,5]triazine, reaction with ethyl 
pyruvate, 61, 278 

1- Hydrazinophthalazine, coupling with 2,5- 

anhydro-D-allonic acid, 70, 217 
3(5)-Hydrazinopyrazole condensation with 
malondialdehyde, 67, 21 

5- Hydrazino-2-pyrazolines ring chain 

tautomerism, 66, 38 

3- Hydrazinopyridazines, reaction with 2,5- 

anhydro-D-allonic acid derivatives, 70,215 

2- Hydrazinopyrimidine, reaction with 

dimethyl acetylene dicarboxylate to give 
pyridotriazinones, 61,240 
reaction with 2,5-anhydro-D- 
allonodithioate, 70, 257 
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4- Hydrazinothieno[2,3-d]pyrimidine, 

cyclocondensation reactions, 65, 254 

3-Hydrazino[l,2,4]triazine, reaction with 
arylidenepyruvic acid, 61, 276 

3-Hydrazino-5//-[l,2,4]triazino[5,6-f>] 

indoles, reaction with ethyl acetoacetate, 
61, 294 

reaction with aldose monosaccharides, 

70,177 

3-Hydrazino[l ,2,4]triazin-5-one, reaction 
with 3-iminobutyronitrile to give 3-[3- 
methyl-5-aminopyrazolyl]-2,5- 
dihydro[l,2,4]triazin-5-one, 61, 278 
3-Hydrazino-l,2,4-triazole reaction with 
diacetamide, 67, 42 

2-Hydrazono-5,6-dihydro-4J/-l,3-thiazine, 
reaction with glyoxalic acid to 
triazinothiazines, 61, 273 
9-Hydrazonopyrido[l,2-a]pyrimidine-3- 
carboxylate, reaction with 
benzoy[chloride, 63, 223 
reaction with aldehydes, 63, 223 
9-Hydrazono-6,7,8,9-tetrahydro-4W- 

pyrido[l,2-a]pyrimidin-4-ones, 63, 115 

2- (l-Hydrazonotetritol-l-yl)quinoxalin-3- 

ones, 70, 284 

Hydrazonoyl chlorides, by coupling of 
diazonium salts with activated 
chloromethylenes, 63, 290 

5- Hydroperoxy-5-alkoxyaldehydes ring chain 

tautomerism, 66, 63 

U-Hydroxyacididemin, synthesis, 70, 120 
a-Hydroxyacids, synthesis from oxazines, 

69, 462 

3- Hydroxyacridones, Claisen-type 

rearrangement, 70, 131 
5-Hydroxyacronycine, 70,135 
5-Hydroxy-4-(alditol-l-yl)imidazolidines, 
preparation, 68, 286 
A'-Hydroxyalkyl hydrazones ring chain 
tautomerism, 66, 16 

/V-(Hydroxyalkyl)imidazoles, synthesis from 
ring opening of cyclic sulfites with 
imidazole, 68, 156 
A'-Hydroxyalkyl imines ring chain 
tautomerism, 66, 3 
spectra, 66, 3 
thermodynamics, 66, 4 
A'-Hydroxyalkyl nitrones ring chain 
tautomerism, 66, 18 


a-Hydroxyalkylphenylphosphine, 
disproportination to 1,3,5- 
dioxaphosphorinanes, 61, 61 
(-)-3-Hydroxyallosedamine, 70, 75 
(+)-4-Hydroxyallosedamine, 70, 75 
2-(Hydroxyamino)hexahydropyrido 

[l,2-a]pyrimidine, reaction with boron 
compounds, 63, 240 

2- Hydroxy-3-(2-aminophenylthio)-3-(4- 

methoxyphenyl)propionate, via ring 
opening of a cyclic sulfite with o- 
aminothiophenol, 68,163 

11- Hydroxyascididemin, 70, 96 
l-[3-(Hydroxyazetidin-l-yl)carbonyl]-3- 

phenyl-4-oxo-4/7-pyrido[2,l - 
ujphthalazine, O-methylation, 69,107 

1- Hydroxy-2-azido-3- 

propoxymethylpyrimidines, 68, 47 

12- Hydroxybenzo[c]phenanthridines, 

synthesis, 67, 374 

3- Hydroxy-l-benzopyran-2-one, 

photoaddition with 2,3-dimethylbut-2- 
ene, 65, 328 

5- Hydroxybenzo[f>]thiepin, rearrangement, 

65,47 

4- Hydroxy-2,4'-biquinazoline, 67, 67 
[Hydroxy(bisphenoxyphosphoryloxy)iodo] 

benzene, reaction with 4-pentenoic acid, 
69,27 

4- Hydroxy-2-butenolide, reaction with 

enaminones, 67, 246 

6- (4-Hydroxybutylamino)pyrimidines, 69, 

201 

9-(4-Hydroxybutyl)guanine, carbocyclic 
analogue of acyclovir, 69,153 

5- Hydroxycanthin-6-one, isolation and 

methylation to Picrasidine L, 61, 179 

5-Hydroxy-6-carboxythieno[2,3-4] 
pyrimidines, 65, 238 
o-Hydroxychalcones, oxidation, 69, 51 
o-Hydroxycinnamic aldehydes, ring chain 
tautomerism, 64, 276 

3- Hydroxycoumarins, Inflation, 65, 302 

4- Hydroxycoumarins, arylation, 65, 301 
reaction with triarylbismuth(V) reagents, 

65, 301 

reaction with phosphoryl chloride and 
dimethyl formamide, 65, 309 

2- a-(4-Hydroxycoumarin-3-yl)benzylindane- 

1,3-dione, ring chain tautomerism, 64, 
283 
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cis and (ram-2-Hydroxy-1 - 

cycloalkanecarboxamides, reaction with 
aldehydes and ketones, 69, 369 
conversion to oxazine-2,4-diones, 69, 372 

6- Hydroxycyclohepta[b]pyrid-7-one, 

bromination and nitration, 66, 334 
5-Hydroxycyclohepta[b]pyrrol-6-ones, 64, 
123 

bromination and nitration, 66, 333 

7- Hydroxycyclohepta[6]thiophen-6-one, 

bromination, 66, 334 
(ram-2-Hydroxy-1- 

cyclopentanecarboxamide, failure to 
cyclise with aldehydes, 69, 398 
as-2-Hydroxy-l-cyclopentanecarboxamides, 
ring closure with ketones, 69, 370 
conversion to oxazinediones, 69, 372 

2-Hydroxy-l,3,2,5- 

diazaboraphosphorinanes, 61,126 

1- Hydroxy-l,2-dihydroacronycine, 70,136 

2- Hydroxy-l,2-dihydroacronycine, 70,136 
<V-Hydroxy-2,3-dihydro-l,3-benzothiazin-4- 

ones, 66,159 

4- Hydroxy-3,4-dihydro-l,2,3-benzotriazines, 

ring chain tautomerism, 64, 306 
(+)-l-Hydroxy-l,2-dihydro-de-N- 
methylacronycine, 70,127 

3- Hydroxy-3,4-dihydro-8-methyl-2H- 

pyrido[l,2-o]pyrimidine hydrobromide, 
63,165 

4- Hydroxydihydropyran, dehydration, 62,62 
7-Hydroxy-6,7-dihydro-l/J, 3 -H, 5 H- 

pyrido[3,2,l-i/][3,l]benzoxazine-3-one, 
alkylation of 7-hydroxy group, 70, 38 

3-Hydroxy-3,4-dihydro-2W-pyrido[l,2-a] 
pyrimidine hydrobromide, 63,165 
a-Hydroxydimethylacetals, preparation, 69, 
4,11 

7-Hydroxy-l,5-dimethyl-U3,4,5,10- 
hexahydro-4u-7/-pyridazino[ 1,6-6] 
isoquinoline, preparation, 69,105 
8a-(2-Hydroxy-3,5-dimethylphenyl)- 
quinazolinone, 69, 387 
8a-(4-Hydroxy-3,5-dimethylphenyl)- 
quinazolinone, 69, 387 

5- Hydroxy-2,4-dimethyl-l-thiophenylacetyl- 

2-pyrazoline, 66, 49 

2-Hydroxy-l,3-dioxane, conformational 
energies, 69, 236 

5- Hydroxy-l,3-dioxane, conformation, 69, 

242 


2-(2-Hydroxyethoxy)benzaldehydes, ring 
chain tautomerism, 64, 274 

l-Hydroxy-2-ethoxycarbonylbenzo[b] 
[l,7]phenanthrolines, synthesis and 
antimicrobial activities, 70, 102 
9-[2-(Hydroxyethoxy)methyl]guanine, 
antiviral activity, 67, 392 
crystal structure, 69, 130 
synthesis and biological activity of ring 
variants, 69, 131 
synthesis, 69, 134 

/V-substituted (aminomethyl)benzoate 
ester prodrugs, 69,135 
JV-3-methylation, 69,136 
9-(2-Hydroxyethoxy me thyl) -1 - 
methylguanine, 69, 136 

1- [(2-Hydroxyethoxy)methyl]-6- 

(phenylthio)thymine, biological activity, 
69, 142 

2- JV-(2-Hydroxyethyl)amino-5-methyl-l,4- 

benzoquinones, ring chain tautomerism, 
64, 272 

2- /3-Hydroxyethylcyclobutanones, 

photolysis, 65, 153 

6a-( l-Hydroxyethyl)cyclonocardicins, 65, 
108 

3- (Hydroxyethyl)furotropylidene, 66, 383 
7-(2-Hydroxyethyl)guanine, synthesis, 69, 

186 

V-(2-Hydroxyethyl)hydrazones ring chain 
tautomerism, 66, 31 

V-(2-Hydroxyethyl)imines of benzaldehyde 
ring chain tautomerism by nmr, 66, 4 

1- (2'-Hydroxyethyl)-2-methyl-5- 

nitroimidazole, metabolism, 61, 24 

2- (2-Hydroxyethyl)piperidines, from 

hydrolysis of perhydropyrido[l,2-c] 
[13]oxazines, 70, 31 

3- (2-Hydroxyethyl)pyrido[l,2-a]pyrimidin-4- 

one, 63, 136 

l-(2-Hydroxyethyl)-l,2,3,4- 
tetrahydroquinoline, 70, 56 
3-(2-Hydroxyethyl)thieno[3,2-4]pyrimidine- 
2(lH),4(3//)-diones, 66, 238, 66, 244 

3-(2-Hydroxyethyl)thieno[3,4-4]pyrimidine- 
2(l//),4(3//)-dione, 66, 258, 
l-(2-Hydroxyethyl)thieno[3,4-4]pyrimidine- 
2,4(3//)-dione, 66, 264, 
l-Hydroxycthylthieno[2,3-d]pyrimidine- 
2,4(3//)-diones, 66, 202 
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3-(2-Hydroxyethyl)thieno[3,4-d]pyrimidine- 
2(l//)-thione,4(3H)-one, 66, 262, 
cis-3-Hydroxyflavanone dimethylacetals, 
synthesis, 69, 51 

frans-3-Hydroxyflavanone dimethylacetals, 
synthesis, 69, 51 

6- Hydroxyfuro[c]tropylium ions, UV spectra, 

66, 318 

aromaticity, 66, 322 

3- Hydroxy-l,3,4,6,7,116-hexahydro-2H- 

pyrimido[6,1 -a]isoquinolines, 
acetylation, 70 , 50 
9-[4-Hydroxy-2- 

(hydroxymethyl)butyl]guanine, antiviral 
activity, 67, 393 

9-[4-Hydroxy-3-(hydroxymethyl)- 
butyl]guanine, 68, 28 
crystal and molecular structure, 68, 38 
as antiviral agent, 68, 36 

4- Hydroxy-3-hydroxymethyl-4//-pyran, 

unstable component of antibiotics in 
Rhizoctania solani, 62,120 
C-Hydroxyiminoalkyl nitrones ring chain 
tautomerism, 66,18 

7- Hydroxyimino-6,7-dihydro-lH, 3 -H, 5 H- 

py rido[3,2,l -(>'][ 1,3]benzoxazine-3-one, 
V-methylation, 70 , 37 

2- (Hydroxyimino)pyrido[l,2-a]pyrimidine, 

63, 169 

6-Hydroxy-4-imino-4tf-pyrido[l,2-a] 
pyrimidine, 63,148 
9-Hydroxyiminotetrahydropyrido- 

pyrimidine-3-carboxylates- reaction with 
clayfen, 63, 214 

9-Hydroxyimino-6,7,8,9-tetrahydro-4H- 
pyrido[l,2-a]pyrimidin-4-one, 63, 213 

5- Hydroxyindole, syntheses via Nenitzescu 

reactions, 67, 236 

1- Hydroxy-2-iodo-3-methoxy-10- 

methylacridin-9(10H)-one, reaction 
with copper acetylides, 70 , 145 

3- [ 1 -Hydroxy-3-(/V- 

isopropylamino)propyl]1,2,3,4- 
tetrahydroisoquinoline, 70 , 66 

2- Hydroxy-3-isopropyl-4-trifluoromethyl-6- 

phenyl-2//-pyran, 62, 51 
5-Hydroxylamino-2-pyrazolines ring chain 
tautomerism with 5-hydrazino-2- 
isoxazolines. 66, 40 

C(3)-Hydroxylated chromones, preparation, 
69, 72 


ll-Hydroxy-20-methoxynoracronycine, 70 , 
127 

Hydroxymethyl-L-al!ylglycine, conversion to 
(—) -bulgenicine, 64, 11 
ll-Hydroxy-6- 

methylbenzo[c]phenanthridine, 
synthesis, 67, 381 

4-(2'-Hydroxy-3'-methylbut-3'-enyl)- 
yukocitrine, 70 , 138 

4-Hydroxy-3-methylene-2,2,10-trimethyl-2,3- 
dihydrofuro[3,2-6]acridin-5(10H)-one, 
70 , 152 

cis andf/ww-2-Hydroxymethyl-l- 
cyclohexylamine, reaction with 
formaldehyde, 69, 353 
ring closure with aromatic aldehydes, 69, 
355 

reaction with 4-nitrobenzaldehyde, 69,357 
reaction with ureas and thioureas, 69, 366 
reaction with 4-chlorobenzimidate, 69, 374 
Wms-2-Hydroxymethyl-l-cyclohexylamine, 
ring closure with aromatic aldehydes, 

69, 355 

reaction with salicylaldehyde, 69, 458 
cis-l-Hydroxy-7a- 

methylcyclopenta[d]tetrahydro-l,3- 
oxazine ring chain tautomerism, 66,18 
frans-2-Hydroxymethyl-l-cyclopentylamine, 
failure to cyclise with aldehydes, 69, 398 
9-Hydroxy-6-methyl-6,7-dichloro-4H//)- 
pyrido[l,2-a]pyrimidin-4-one, 63, 226 
4-Hydroxymethyl-3,4-dihydro-l-oxo-lH- 
pyrido[2,l-c][l,3]oxazinium chloride, 
reaction with amines, 70 , 32 
4-Hydroxymethyl-l,3-dihydropyrido[2,l-c] 

[1.3] oxazin-l-one, from ring opening of 
pyrido[2,l-c][l,3]oxazinium chloride, 
70,32 

l-Hydroxymethyl-9,10-dimethoxy-4- 
cyclohexylimino-1,2,4,5,6,11 b- 
hexahydro[l,3]oxazino[4,3- 
ajisoquinoline, electrochemical 
reduction, 70 , 39 

l-Hydroxymethyl-9,10-dimethoxy- 
1,2,4,6,7,116-hexahydro- 

[1.3] oxazino[4,3-a]isoquinoline-4-one, 

70 , 55 

l-Hydroxymethyl-9,10-dimethoxy- 
1,2,4,6,7,116-hexahydro- 

[1.3] oxazino[4,3-a]isoquinoline-4- 
thione, 70 , 38, 55 
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5-Hydroxymethyl-3,5-dimethyl-5,6-dihydro- 
2H-l,4-oxazin-2-one ring chain 
tautomerism, 66, 15 

2- Hydroxy-2-methyl-l,4-dioxane, ring chain 

tautomerism, 64, 270 

4- Hydroxymethyl-l,3,2-dioxathiolane 2- 

oxide, synthesis, 68, 106 

3- Hydroxymethylimidazo[l,2-a]pyrimidine, 

70, 248 

3-Hydroxy-5-methylisoxazole, Pd(0) 

catalysed reaction with cinnamyl ethyl 
carbonate, 66, 84 

5- Hydroxymethyl-6-methylimidazo[2,l-h] 

thiazole, 69, 295 

6- Hydroxymethyl-3-methylimidazo[2,l-6] 

thiazole, 69, 295 

6-Hydroxy-3-methyl-2-methylthio-4(3tf)- 
pyrimidinone, precursor to 1,6- 
dimethylpyrimido[5,4-e][l,2,4]triazine- 
5,7(1 H, 6//)dione, 61,250 
9-Hydroxy-2-methyl-8-nitro-4tf-pyrido 
[l,2-a]pyrimidin-4-one, reduction, 63, 
177 

3-Hydroxymethyloxazines, 69, 371 

l-Hydoxymethyl-7-oxo-l//, 7//-pyrido 
[3,2,l-i/]cinnoline-8-carboxylate, O- 
alkylation, 69,106 

5- Hydroxy-5-methyl-2-phenylisoxazolidines, 

ring chain tautomerism, 64, 285 
3-(and 4)-Hydroxy-5-methylproline, 64, 9 

3- (5'-Hydroxy-3'-methyl-lH-pyrazol-l-yl)- 

5//)[l,2,4]triazino[5,6-6]indole, 61, 294 
9-Hydroxy-2-methyl-4f/-pyrido[l,2-a] 
pyrimidin-4-one, chlorination, 63,188 
nitration, 63, 206 

reaction with dimethylthiocarbamoyl 
chloride, 63, 209 

6- (Hydroxymethyl)pyrimidine-2,4(l//, 

3//)dione-5-carboxaldehyde, 
cyclisation, 65, 263 

4- Hydroxy-6-methyl-2-pyrone, Pd(0) 

catalysed allylation, 66, 96 
Pd(0) catalysed reaction with 5- 

methylcyclohex-2-enyl-O-acetate, 

66, 99 

Pd(0) catalysed reaction with cinnamyl 
chloride, 66, 99 

regiospecificity of reactions, 66, 99 

5- (Hydroxymethyl)-2-pyrrolidinone, 

condensation with benzaldehyde, 64, 44 


an/iydro-4-Hydroxy-2-methyl-5,6,7,8- 
tetrahydropyrido[l,2-h]pyridazinium 
hydroxide, pK a values, 69, 93, 105 
8-Hydroxymethyl-l ,2,3,4- 

tetrahydroquinoline, 70, 56 
from hydrolysis of pyridobenzoxazinones, 
70, 31 

6-Hydroxy-6-methyltetrahydro-l,3-thiazine- 

2-thiones- ring chain tautomerism, 64,308 

1- Hydroxymethyl-l-thio-4-aryl-l-phospha-3- 

oxacyclopentenes, formation from 1- 
phospha-3,5-dioxa-4- 
arylbicyclo[2„2,2]heptanes, 61, 67 

5- (Hydroxymethyl)uracil, in synthesis of 

acyclonucleosides, 69, 147 

2- Hydroxy-l,4-naphthoquinone, conversion 

to iodonium ylide and reaction with 
phenylacetylene, 69,18 
erytftro-9-(2-Hydroxy-3-nonyl)adenine, 
biological activity, 67, 393 
synthesis, 68, 63 
as ADA inhibitor, 68, 67 
metabolism, 68, 69 
11-Hydroxynoracronycine, 70,127 
antiviral activity, 70,127 

3- Hydroxyoxacephems, via carbene 

reactions, 65,188 

6- Hydroxy-4-oxahexanal, ring chain 

tautomerism, 64, 275 
2-Hydroxyoxane, conformations, 69, 220 
calculated conformational equilibria, 69,225 
l-Hydroxy-2-oxo-l- 

cyclohexanecarboxamide, reaction with 
cyanamide, 69, 392 

1- Hydroxy-2-oxo-l,2-dihydroacronycine, 70, 

135 

4- Hydoxy-7-oxo-1 H, 7//-pyrido[3,2,l-/,/] 

cinnoline-8-carboxylate, 4-hydroxy 
acylation, 69,107 

2- Hydroxy-4-oxo-4//-pyrido[l ,2-a] 

pyrimidine-3-carboxamide, 63, 139 

5- Hydroxypentanal, ring chain tautomerism, 

64, 268 

(+)-2-(2-Hydroxypentyl)-1,2,3,4- 

tetrahydropyridin-4-one, cyclisation, 

70, 56 

o-Hydroxyphenoxymethyl ketones, ring 
chain tautomerism, 64, 277 
(+)-2-(2-Hy droxy-2-phenyle t hy 1)-1,2,3,4- 
tetrahydropyridin-4-one, cyclisation, 70, 
56 
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5- Hydroxy-5-phenylpentane-2,4-dione, ring 

chain tautomerism, 64 , 269 

3-Hydroxy-l-phenylpyrido[2,l-/] 

[l,2,4]triazinium perchlorate, 61 , 220 

3-(2-Hydroxyphenyl)thienopyrimidin- 
2(1/7),4-diones, 66, 196 
o-Hydroxyphenyltropilidenes, cyclisation to 
tricyclic tropylium salts, 64 , 137 

3- Hydroxy-2(2-phenylvinyl)-4-oxo-4//- 

pyrido[l,2-a]pyrimidine-7-carboxylic 
acid, reduction, 63 , 192 
cu-5-Hydroxy-L-pipecolic acid, 64 , 28 

4- Hydroxypipecolic acid, 64 , 29 

4-Hydroxyproline, from V-acylated diethyl 

aminomalonate, 64 , 12 
conversion to crotanecine, 64 , 39 

2- [(z)-3-Hydroxy-l-propenyl]piperidines, 

preparation, 69 , 96 

3- Hydroxypropyladenine, antiviral activity, 

67 , 393 

6- [(1' S)-1' -Hy droxypropyl]-3- 

methylpteridine-2,4-dione, 70, 271 
(- )-2-(2-Hydroxypropyl)piperidine, reaction 
with p-nitrobenzaldehyde, 70, 8 

2-(3-Hydroxypropyl)piperidine 

hydrobromide, preparation, 69 , 96 
2-(3-HydroxypropyI)piperidines, by 

reduction of perhydropyridooxazines, 
69 , 96 

2-(3-Hydroxypropyl)pyridine-V-oxide, 
cyclisation, 69, 110 

9-Hydroxypurines, Mitsunobu reactions with 
protected alcohols, 69 , 164 
Hydroxyputrescine, condensation with 
aromatic aldehydes and ring chain 
tautomerism, 66,13 

2- Hydroxy-2//-pyrans (pseudobases), 

function and stability, 62, 60 

4- Hydroxypyrazolo[3,4-ft]pyridines, 67 , 296 

3- Hydroxy-2-pyridones, from enaminones, 

67 , 271 

4- Hydroxypyrido[l,2-fc]pyridazinium salts, 

69, 115 

7- Hydroxypyrido[2,l-a]phthalazinium 

perchlorate, deprotonation, 69 , 105 
9-Hydroxypyrido[l,2-a]pyrimidinium 
perchlorate, 63 , 125 

2-Hydroxy-4//-pyrido[l,2-a]pyrimidin-4-one, 
63 , 137 

O-alkylation, 63, 185 


9-Hydroxy-4//-pyrido[l,2-a]pyrimidin-4- 
ones, metal complexes, 63, 124 
3-Hydroxy-2-pyrone, high pressure reaction 
with methyl crotonate, 65, 332 
3-Hydroxypyrroles, synthesis via 
enaminones, 67, 225 

2-Hydroxypyrrolo[6]tropone, benzylation, 
66,349 

V-Hydroxyquinoxaline-2,3-dione, 65, 26 

5-Hydroxy-5-(/3-D-ribofuranosyl)furanone, 
70, 205 

5- Hydroxy-5-/3-D-ribofuranosylfuran-2-one, 

70, 305 

6- Hydroxy-3-/3-D-ribofuranosylphthalate 

ester, 70, 215 

6-Hydroxy-6-/3-D-ribofuranosylpyranone, 
reaction with 1,2-diaminobenzene, 70, 
282 

6-Hydroxy-6-/3-D-ribofuranosyl-2//-pyran- 
3(6//)-one, reaction with diamino-1,3- 
dimethyluracil 5,6, 70, 263 

5- Hydroxy-2-(/3-D-ribofuranosyl)pyridine, 

68, 341 

1- Hydroxyrutacridone epoxide, 70,146 
20-Hydroxyrutacridone epoxide, 70,146 
(+)-4-Hydroxysedamine, 70, 75 

6- Hydroxy-5-substituted-2-thionamido-l,3- 

thiazin-4-one, 66,134 

2- Hydroxy-1,2,3,4-tetrahydropyridines, 67, 

274; 67, 275 

9-Hydroxy-6,7,8,9-tetrahydro-4//-pyrido 
(l,2-a]pyrimidin-4-one, 63,179 

3- Hydroxy-3,4,6,7-tetrahydro-2//- 

pyrimido[6,l-a]isoquinolines, 
acetylation, 70, 50 

5-Hydroxy-4-(D-ara6mo-tetritol-l- 

yl)imidazolidine-2,5-dione, isolation and 
structure determination, 68, 227 
5-Hydroxy-4-(D-ara6mo-tetritol-l- 

yl)imidazolidin-2-one, synthesis, 68, 283 
2-Hydroxythiazoles, synthesis, 69, 44 

2- Hydroxythiazolo[3,2-6][l,2,4]triazoles, 69, 

327 

O-acylation, 69, 329 

3- Hydroxythieno[2,3-d]pyrimidines, 

acylation, 66, 223 

5-Hydroxythieno[2,3-d]pyrimidines, 66, 217 

4- Hydroxy-7-(p-tolyl)benzothiophene, in 

preparation of thieno[2,3-c]acridines, 

70, 144 
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5-Hydroxytropolone, oxidative dimerisation, 
64, 117 

Hydroxytropolones, 64, 88 
Hydroxytropylium salts, 64, 134 
(2R, 3R)-/3-Hydroxyvaline, synthesis via 
cyclic sulfite, 68, 158 
2-Hydroxyxanthone, 65, 353 
Hypoxanthine, synthesis, 67, 420 

preparation of acyclonucleoside analogs, 
68, 60 


Ichthyopterin see 2-amino-(L-erythro-l',2'- 
dihydroxypropyl)pteridin-4,7-dione 
4//-Imidazo[l,5-a]benzimidazoles, 64, 

193 

Imidazo[2,l-d][l,5]benzothiazepine, 63, 78 
Imidazo[4,5-4]-l,2,3-dithiazole, from 1- 
methyl-4-aminoimidazole and sulfur 
monochloride, 61, 22 
Imidazo[l,5-a]isoquinoline, 65,177 
Imidazo[l,2-6]isoquinoline-5,10-diones, from 
phthaloyl dichloride and imidazoles, 

61,184 

reactions, 61,187 

Imidazole, Pd(0) catalysed allylation, 66, 87 
glycosylation, 66, 89 

via cyclisation of nitrosoenaminones, 67, 
258 

Imidazole-4,5-dicarboxaldehydes, aldol 
condensation to tropones, 64, 95 
Imidazolidines, from diazouracils, 65,176 
Imidazolidin-2-one-4-carboxylic acid, 64, 18 
V-(Imidazolinyl)benzenecarbohyrazonoyl 
chloride, 63, 294 

Imidazolin-2-ylideneammonium picrate, 
68,69 

Imidazolodiazepines, Pd(0) catalysed 
allylation, 66, 126 
Imidazol-5-ones, 64, 19 
Imidazolopyridones, 67, 295 
Imidazoloquinazolinones, via enaminones, 
67, 317 

Imidazol-l-yloxyalcohols, 68, 41 
2-Imidazolyl C-nucleosides, preparation, 68, 

277 

4-Imidazolyl C-nucleosides, preparation, 68, 

278 

2-Imidazolyl reverse C-nucleosides, 68, 

282 


Imidazo[2,l-6][l,3,4]oxadiazole salts, 69, 

276 

Imdazo[4,5-d][l,3]oxazin-7-ones, 64, 209 
Imidazo[l,2,-a]pyrazin-3-yl C-nucleosides, 
70, 280 

Imidazopyridine Pd(0) catalysed reaction 
with (-)monoacetate of cis cyclopent-2- 
ene-l,4-diol, 66, 123 
Imidazo[l,2-a]pyridines, via carbene 
reactions, 65, 177 
Imidazo[l,5-a]pyridine, 65, 177 
Imidazo[4,5-6]pyridines, from 4- 

aminoimidazole and dimethyl acetylene 
dicarboxylate, 61, 21 

from 5-aminoimidazole and acetylacetone, 
61, 39 

from 5-aminoimidazole and ethyl 
acetoacetate, 61, 39 

l(3)-/7-Imidazo[4,5-b]pyridine, reaction with 
alkylating agents to give 
tfoeconucleosides, 68, 45 
Imidazo[l,2-a]pyridin-3-yl acyclo C- 
nucleosides, 70,199 

4/7-Imidazo[5,4-d]pyrido[l,2-a]pyrimidin-4- 
one, 63, 250 

Imidazopyrimidines, 65,175 
Imidazo[l,5-a]pyrimidines, by trapping 
4(5)aminoimidazoles with 
ethoxymethylenemalonate, 61, 14; 

with 1,1,3,3-tetramethoxypropane, 61, 8, 
61, 14 

Imidazo[4,5-c]pyrimidines, from 5- 

aminoimidazoles and ethoxymethylene 
uretHane, 61, 41 

Imidazo[l,2-a]quinolines, via carbene 
reactions, 65, 177 
Imidazo[l ,5-a]quinolines, 64, 57 
l//-Imidazo[4,5-c]quinolin-4(57/)-ones,from 
dimidazo[ 1,5:1' ,5' -4]py ridazine-5,10- 
diones, 61, 199 
Imidazotetrazoles, 65, 177 
Imidazo[2,l-6][l,3,4]thiadiazoles, 64, 195 

NMR spectra, 69, 313 
Imidazo[2,l-6]-l,3-thiazin-4-one, 66,165 
Imidazo[2,l-6]thiazole, NMR spectrum, 69, 
298 

mass spectrum, 69, 300 
Imidazo[2,l-6]thiazole-5-carbonitriles, 
reaction with hydroxylamines, 69, 298 
Imidazo[2,l-f>]thiazolium-3-olate, 
cycloaddition with acetylene 
dicarboxylates, 70, 199 
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Imidazo[l,5-i>]-l,2,4-triazepines from 1,5- 
diaminoimidazole and acetylacetone, 
61, 41 

from 1,5-diaminoimidazole and ethyl 
acetoacetate, 61, 41 
Imdazo[l,2,4]triazine, 64, 223 
Imidazo[l,5-a]l,3,5-triazines, by reaction of 
4(5)-aminoimidazole with imidates, 

61, 14 

Imidazo [4,5 -e] [ 1,2,4] triazines, reaction with 
bromacetic acid and aldehydes, 61, 

306 

Imidazo[5,l-/][l,2,4]triazine, 64, 235 
Imidazo[l,2-6][l,2,4]triazino[5,6-6]indoles, 
61, 287 

Imidazo[5,l-/]l,2,4-triazin-7-yl acyclo C- 
nucleosides, 70, 298 
Imidazotropone, 64,110 
chlorination to mono and 

dichloroderivatives, 66, 342 
UV spectra, 66, 300 
tautomerism, 66, 310 
hydrogenation, 66, 336 
Imidazotroponeimines, 66, 376 

2-Imidazoylazirines, transformation to 
imidazoles, 65,175 
5-Imidazoylzinc chloride, coupling to 
haloheterocycles, 62, 377 
Imidoyl halides, 64, 179 

1- Imidoyliminopyridinium-A'-ylides, 

thermolysis, 61, 223 

2- Imino-3-alkyl-1,3-benzothiazin-4-ones, 

from chlorobenzoic esters and tHiourea, 
66,145 

2-Imino-4-alkyl-27/-pyrido[ 1,2-a]pyrimidine 
hydrochloride, hydrolysis, 63, 170 
2-Imino-3-amino-l,3-benzothiazin-4-ones, 
condensation with nitriles, 66,167 
2-Imino-3-amino-6-carbomethoxy-l,3- 
thiazin-4-one, 66, 138 
2-Imino-3-arylthiazolotropylium salts, 66, 
394 

2- Imino-l,3-benzothiazin-4-one, nitrosation, 

66, 174 

ring opening in base, 66, 176 
reduction, 66, 182 
reaction with P 2 S 5 , 66, 183 

3- Imino-4-cyano-2,3,5,6,7,8-hexahydro-177- 

pyrido[l,2-c]pyrimidin-l-ones, 70, 68 

3-Imino-4-cyano-2,3,5,6,7,8-hexahydro-lT/- 
pyrido[l,2-c]pyrimidin-l-thiones, 

70, 68 


1- Imino-4-cyano-3-methylthio-177- 

pyrido[l,2-c]pyrimidine, reaction with 
morpholine, 70, 45 
reaction with dimethyl 

acetylenedicarboxylate, 70, 45 
alkylation and acylation, 70, 49 
6-Iminocycloheptatriazoles, hydrolysis, 64,91 

2- Imino-6,7-dihydro-277-pyrido[6,l-a] 

isoquinolines, heating, 70, 47 
2-Imino-5,6-dihydro-l,3-thiazin-4-ones, 66, 
150 

2-Imino-9,10-dimethoxy-4-phenyl-6,7- 
dihydro-277-pyrimido[6,l -a] 
isoquinoline, X-ray structure of 
protonated form, 70, 30 
2-Imino-9,10-dimethoxy-4-phenyl-6,7- 
dihy dro-47/-pyrimido [6,1 -a] 
isoquinolines, reduction, 70, 43 

4-Iminohexahydro[l,3]oxazino[4,3-a] 
isoquinolines, 70, 53 

4-Imino-3-methyl-l,3-benzothiazin-4-one, 
Dimroth rearrangement, 66,184 
4-Imino-9-methyl-3(17/-tetrazol-5-yl)-477- 
pyrido[l,2-a]pyrimidine, 63,197 
6-Imino-4-oxo-677-pyrido[2,l-a]isoindole-l- 
carboxylic acid, 69, 108 

1- Iminoperhydropyrido[l,2-c][l,3]thiazine 

hydrobromides, 70, 61 
reaction with tetraethylenepentamine, 

70, 39 

4-Imino-3-phenylbenzothieno[2,3- 
d\ pyrimidine-2(l 77 )-thione, 66, 219 
frans-4,4a-7/-l-Imino-4-phenylperhydro 
[l,2-c][l,3]oxazine, CNS activity, 70, 75 
Iminophosphorane, synthesis, 64,160 
spectra, 64,168 
stability, 64, 169 
hydrolysis, 64, 170 

as a protecting group for amines, 64, 170 
as intermediates in phosphane oxide 

catalysed carbodiimide syntHesis from 
isocyanates, 64, 175 

reaction with phenylisocyanate, 64, 176 
reaction with /3-diketones, 64, 178 
reaction with acid chlorides, 64, 179 
reaction with phenoxymethyloxirane, 64, 
182 

2- Imino-3-propyl-9,10-dimethoxy- 

1,2,3,6,7,116-hexahydro-477- 
pyrimido[6,l-a]isoquinolin-4-one, 70, 64 



448 


CUMULATIVE SUBJECT INDEX, VOLUMES 61-70 


3- Iminopyrido[l,2-6]pyridazines, 69, 119 

1- Imino-lH-pyrido[l,2-c]pyrimidines, 70 , 68 

4- Imino-4W-pyrido[l,2-a]pyrimidine- 

cycloaddition to methyl propiolate, 63, 
204 

2- Imino-2//-pyrido [ 1 ,2-a]pyrimidine 

hydrochloride, 63, 128 
4-Imino-4W-pyrido[l,2-a]pyrimidin-3-nitrile, 
63, 149 

2-Iminopyrido[3,2-e] 1,3-thiazin-4-one, 
Mannich reactions, 66, 171 
2-Iminopyrimidines, 67, 311 
4-Imino[3,4-d]pyrimidines, 66, 264 

4- Iminopyrimido[6,l-a]isoquinolines, pH 

dependence of tautomerism, 70 , 23 

5- Iminoselenadiazolines, 63,322 
2-Imino-substituted tetrahydro-1,3-oxazines, 

69, 366 

1- Imino-l,2,3,4-tetrahydroquinolinium ion, 

reaction with l,l-diphenylethene,69,118 

2- Imino-l,3-thiazine-4-one, methylation, 66, 

170 

4-Iminothieno[2,3-4]pyrimidines, 66, 206 
4-Iminothieno[2,3-d]pyrimidine- 
2(l//)thiones, 65, 242 
4-Iminothieno[2,3-d]thiazine-2(l//)thiones, 

65, 243 

Indenopyridine, synthesis via enaminones, 
67, 289 
Indigo, 67,14 
Indole fluorination, 62, 6 
Pd(0) catalysed allylation, 66, 91 
Pd(0) catalysed reaction with acrolein 
dimethylacetal, 66, 92 
Indole-3-carboxylic esters, 65,124 
2(3//)-Indolinones, 65,122 
4-(Indolin-2-on-3-yl)hydrazino-5,6,7,8- 
tetrahydrobenzo[b]thieno[2,3- 
d]pyrimidine, herbicide, 66, 235 
(±)-Indolizidine 223AB, synthesis, 69,122 
(-)-Indolizidines 205A,207A,209A,235A, 
synthesis, 69, 122 
Indolizidines, 65, 109 
Indolizidinones, 65, 128 
Indolizines, reaction with strong base and 
V,jV-dimethylamides, 68, 207 
synthesis, 68, 185 

Indolizinobenzotropones, nmr spectra, 

66, 293 

UV spectra, 66, 299 


Indolizinotropones, 64, 97 
Indolo[2,3-6][l,5]benzothiazepine, 63, 88 
Indolo[2,3-c][l,5]benzothiazepine, 63, 90 
Indolo[2,3-a]carbazole alkaloids, 67, 14 
Indolo[3,2-c]coumarin, 65, 310 
Indolo[l,2-h][2,7]naphthyridine-5,12- 

quinone, precursor to ellipticines, 61,190 
Indolo[2,3-d]pyridines, 65,123 
Indolo[2",3";5\6'][l,2,4]triazino[3',2':2,3] 
thiazolo[4,5-h]quinoxaline, 61, 290 
Indolotropolone, 64,122, 64, 88 
tautomerism, 66, 310 
pK a values, 66, 330 
O, and O./V-alkylation, 66, 344 
A-acylation, 66, 349 
Indolotropones, 64, 95 
IR spectra, 66, 304 
catalytic hydrogenation, 66, 336 
chlorination to 6-chlorobenzazaazulene, 
66,342 

(£)-3-(Indol-3-yl)propenenitrile, 63, 358 
Inosinic acid, synthesis from AIR, 61, 33 
Intramolecular transacylation reactions, 64, 
310 

2-Iodoadenosine, coupling with alkynes, 62, 
330 

2-(Iodoalkyl)oxetanes, preparation, 69,13 

4- (l-Iodoalkyl)oxetan-2-ones, synthesis, 

69,14 

2-(l-Iodoalkyl)oxiranes, 69,10 
2-Iodoaniline, copper iodide catalysed 
reaction with enolates, 67, 244 
2-Iodobenzamide, Ni(0)-catalysed reaction 
with Af,AP-disubstituted thioureas, 66, 
145 

reaction with o-acylhomoveratrylic acid, 
67, 379 

2'-Iodo-2'-deoxyformycin, 70, 242 
3'-Iodo-3'-deoxyformycin, 70, 242 
2-Iodobenzofuran, copper catalysed 
homocoupling, 67, 18 

6-Iodo-6-deoxy-D-galactopyranose, 

formation of radicals and coupling to 
pyridines, 68, 348 

5- Iodo-2' -deoxyuridine, alkenylation 

reactions, 62, 342 

5-Iodo-3',5'-di-0-acetyl-2'-deoxyuridine, 
coupling with alkynes, 62, 327 
2(2'-Iodoethyl-l,4-dioxaheptane, synthesis, 
69,59 
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2-Iodo-3-hydroxypyridine, conversion to 
furo[3,2-f>]pyridines, 62, 319 
5-Iodomethyl-2,2-dimethyl-l,3-dioxane, 
precursor to carboacyclic C-nucleosides, 

68, 41 

2-Iodomethyl-l,4-dioxane, 69, 56 

2- Iodomethyloxetane, preparation, 69,13 

3- Iodomethyloxetane, preparation, 69,13 
2-Iodomethyloxiranes, preparation from 

tertiary alcohols, 69, 9 
2-Iodomethylpiperidine, radical reactions, 

69, 111 

2-Iodo-4-methylquinoline, coupling 
reactions, 62, 307 
homocoupling with Pd, 62, 411 

2- Iodomethyltetrahydrofuran, synthesis, 

69, 26 

4- Iodo-2-methylthieno[2,3-4]pyrimidine, 

coupling with arynes, 66, 229 

4- Iodo-2-methylthiopyrimidine,stannylation, 

62, 352 

A'.A'-Iodomethyl-trimethylsilyloxy amine, in 
nucleoside synthesis, 69,130 
Iodomethyltrimethylsilyloxyethyl ether, in 
nucleoside synthesis, 69,130 
Iodomethyltrimethylsilyloxyethyl sulfide, in 
nucleoside synthesis, 69,130 

5- Iodo-l-methyluracil, coupling with alkynes, 

62, 320 

lodonium ylides, from diazo compounds, 

65, 171 

3- Iodopropionic acid, reaction with 

thiocarbamates, 66, 149 
2-Iodopurines, coupling with stannanes, 62, 
345 

6- Iodopurine, coupling with alkynes, 62, 325 

2- Iodopyridine, coupling with 1- 

phenylpropargylalcohol, 62, 318 
coupling with phenylethynyl copper/ 
palladium, 62, 396 

reaction with organomercury compounds, 
62, 399 

3- Iodopyridine, reaction with styrene, 62,307 
coupling with propargyl alcohol, 62, 318 
palladium catalysed coupling to glycal 

derivatives, 68, 344 

7- Iodo-4//-pyrido[l,2-fl]pyrimidine, reaction 

with carbon monoxide, 63, 207 
2-Iodopyrimidine, coupling with alkenes, 

62, 311 


4- Iodopyrimidine, coupling with alkenes, 

62, 311 

coupling with alkynes, 62, 315, 62, 320 
homocoupling with Pd, 62, 411 

5- Iodopyrimidine, coupling to styrene and 

ethyl acrylate, 62, 308 

Iodosobenzene, reaction with sulfur trioxide, 
69,63 

8-Iodo-4-(tetrahydropyran- 

2yloxy)pyrazolo[l ,5-o]l ,3,5-triazine, 70, 
303 

Iodotetrathiafulvalene, 62, 285 
3-Iodotriazine, coupling with alkynes, 62,324 
a-Iodo-a,/3-unsaturated lactones, 
preparation, 69, 66 

5-IodouraciI, palladium-mediated coupling 
with furanoid glycals, 68, 366 
5-Iodouridine, coupling with alkylzinc 
chlorides, 62, 379 
Ipalbidine, 67, 247 
Ipalbine, 67, 248 

Isatin, reaction with 2,3-diaminoquinazoline 
to give indolotriazino-quinazolinones, 
61, 294 

reaction product with thiobenzhydrazide, 
ring chain tautomerism, 66, 45 
in preparation of thieno[2,3-c]acridines, 
70, 144 

Isoacronycine, 70,138 
Isoascidemin, 70, 104 
D-Isoascorbic acid, in preparation of 
butanetriols, 67, 397 

in preparation of l',2'-seco-AZT, 67, 400 
Isobenzothiazolone, heat in dimethyl 
formamide to give 2-amino-l,3- 
benzothiazin-4-ones, 66,146 
3-Isobutyryl-2H-1 -benzopyran-2-one, 
reaction with anhydrides, 65, 301 
W-2-Isobutyryl-2',3'-seco-guanosine, use in 
preparation of nucleosides, 67, 407 
Isochrysohermidin, 67, 6 
Isocoformycin, 70, 233 

2- Isocyanato-l-cyclopentanecarboxylic acids, 

cyclisation, 69, 382 
Isofervenulins, see l,3-dimethyl-6- 
azalumazines 

Isogravacridone chloride, 70, 146 
Isoindolo-l,3,4-benzotriazepinones, 64, 230 

3- Isonitrosopyrazolo[5,l-f>]quinazolin-2,9- 

dione, precursor to [l,2,4]triazino 
[6,l-6]quinazolin-10-one, 61, 265 
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Isonoracronycine, 70, 138 

2-Isopropenylbenzofuran, reaction with 
maleic anhydride, 63, 369 
reaction with tetracyanoethylene, 63, 371 

2- Isopropenylfuran, reaction with acetylenic 

esters, 63, 341 

3- Isopropenyl-l-methylindole, reaction with 

tetracyanoethylene, 63, 375 

3- Isopropenyltropoione, oxidation, 64,101 
N-Isopropylbenzenesulfonamides, ring chain 

tautomerism, 66, 55 

4- Isopropylcoumarin, 65, 320 
N-Isopropyl-2-cyanobenzamides, ring chain 

tautomerism, 66, 55 

O-Isopropylfagaronine, synthesis, 67, 358 
(Isopropylideneamino)guanidinium iodide, 
ring chain tautomerism, 66, 31 

2-Isopropylidene-l-cyclopentanone, reaction 
with carbon disulfide, 69, 381 

1- Isopropylidene-4,4-dimethyl-l, 3,4,4a- 

tetrahydro[l,3]oxazino[3,4-a]quinolin-3- 
one, reduction of 5,6 double bond, 70 , 35 
2\3'-0-Isopropylideneformycin, reaction 
with diethyl azodicarboxylate, 70 , 245 
(/?)2,3-0-Isopropylidene glyceraldehyde, 
precursor to amino-4//-pyrans, 62, 34 

2.3- O-Isopropylidene-D-glyceraldehyde, 68, 
253 

coupling with 2- 

trimethylsilylbenzothiazole, 70 , 194 
formation of pyridinolol, 70 , 175 
9- (2' ,3' - O-Isopropylideneglyceroly l)-8- 
azaadenine, 69,175 
9- (2' ,3' - 0-Isopropylideneglycerolyl)-8- 
azahypoxanthine, 69,175 
9- (2 ' ,3' - O-Isopropylideneglyceroly l)-8- 
azapurines, 69,176 

2.3- 0-Isopropylidene-/3-D-ribofuranosyl 
acetic acid, reaction witH 
aminoguanidine, 68, 326 

2',3'-0-Isopropylidene showdomycin, 68,247 
cis, rranj-2-Isopropyl-5-iodo-l,3-dioxanes, 
conformations, 69, 236 

2- Isopropyl-5-substituted-l,3-dioxanes, 

conformations, 69, 234 

4-Isopropyl-/?-tropoquinone, coupling with 5- 
hydroxyhinokitiol, 64, 118 
Isoquino[3,4-f>]acridines, 70, 97 
(1 -Isoquinolinylamino) 

methylenemalononitrile, ring chain 
tautomerism, 66, 58 


2- (Isoquinolin-5'-yl)benzanilides, cyclisation, 

70 , 109 

3- (Isoquinolin-l-yl)-L-rirreo-l,2- 

dihydroxypropanoate, reaction with 
methyllithium, 70 , 211 
l-(5-Isoquinolylimino)-l,3,4,4a, 5,10- 
hexahydro[l,3]thiazino[3,4- 
bjisoquinoline, 70 , 40 
1-Isoquinolinyltriflate, coupling with 
stannanes, 62 , 341 
arylation, 62 , 364 
Isoretronecanol, 67 , 234 
Isothiazoles, 65 , 70; 67 , 252 
Isothiazolium salts, reaction with 
formamides, 66,146 
Isothiazolo[4,5-d]pyrimidin-3-yl C- 
nucleosides, 70 , 254 

3- Isothiazolyl C-nucleosides, preparation, 

68, 306 

Isothiocyanates of acrylic acids, reaction with 
amines, 66,152 

4- Isothiocyanato-4-methylpentan-2-one, 

reaction with glycine, 64 , 48 
3-Isoxazinyl C-nucleosides, 68, 384 
Isoxazoles, ring opening to enaminones, 67 , 
215 

synthesis via enaminones, 67 , 250 
Isoxazole-5-acetic acid, 64 , 19 
Isoxazole[3,4-c]coumarins, 65 , 309 
Isoxazolidines, photochemical ring 
transformation, 69 , 358 
Isoxazolidin-5-ones, ring chain tautomerism, 
64,292 

A 2 -Isoxazoline-N-oxides, 65 , 179 
Isoxazoline-5-spirocyclopropanes, 
rearrangement, 67 , 276 
Isoxazolopyrazolotriazines, 61 , 298 
Isoxazolo[5',4':4,5]pyrimido[6,l- 
c][l,2,4]triazines, 61 , 241 
Isoxazolo[3,2-6]quinazolinone, 68, 217 
Isoxazoloquinones, 67 , 251 
Isoxazolotroponeoximes, 66, 374 
Isoxazolotropones, 64 , 104, 64 , 115 
reaction with 1,2-diaminoethane, 66, 363 
nmr spectra, 66, 288 
aromaticity, 66, 308 
catalytic hydrogenation, 66, 336 
Isoxazolotropylium ions, electron density 
calculated by molecular orbital methods, 
66,379 
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/3-Isoxazolylalanines, from 1,3-dipolar 
cycloaddition with acetamido- 
malonates, 64, 20 

3-Isoxazolyl carbocyclic C-nucleosides, 
preparation, 68, 292 
5-Isoxazolyl carbocyclic C-nucleosides, 
preparation, 68, 292 

3- Isoxazolyl C-nucleosides, preparation by 

cycloadditions, 68, 290 

4- Isoxazolyl C-nucleosides, preparations, 

68, 297 

4- Isoxazolyl reverse C-nucleosides, 

preparation, 68, 294 

5- Isoxazolyl reverse C-nucleosides, 

preparation, 68, 294 


Junosidine, 70,138 


a-Kainic acid, 64, 7 

Ketenes, cycloaddition to enamines, 67, 215 
Ketene-5,5-hemiacetal, condensation with 
arylcyanates, 66,133 
Ketenimines, 64, 181 

/3-Ketoethynyl(phenyl)iodonium triflates, 
reaction with sodium p-toluenesulfinate, 
69, 30 

Ketone /V-(2-aminoethyl)hydrazones, ring 
chain tautomerism, 66, 31 
Ketone bisthiocarbonohydrazones, gas phase 
ring chain tautomerism, 66, 34 
Ketone 2,4-dialkylthiosemicarbazones, ring 
chain tautomerism, 66, 52 
Ketone 2-methylthiosemicarbazones, ring 
chain tautomerism, 66, 52 
Ketone 2-substituted thiosemicarbazones, 
ring chain tautomerism, 66, 50 
Ketone thioacylhydrazones, ring chain 
tautomerism, 66, 44 

Ketone thiobenzoylhydrazones, ring chain 
tautomerism, 66, 44 

Ketone thiocarbonomonohydrazones, ring 
chain tautomerism, 66, 33 
Ketone thiosemicarbazones, ring chain 
tautomerism, 66, 51 
Kinamycin alkaloids, 67, 238 
Kinuramine, 70, 120 
Kuanomiamines A-D, 70, 116 
synthesis, 70, 120 


/3-Lactams, formation of spiro derivatives, 
65, 30 

via carbene reactions, 65, 101 
•y-Lactams, synthesis via iodonium salts, 
69,30 

Lactim ethers, reaction with active methylene 
compounds, 67, 212 
a-Lactones, 65,134 

•y-Lactones, formation via iodonium ylides, 
69, 19 

Laurusin see 3-(/3-D-ribofuranosyl)- 
pyrazolo[4,3-ft]pyrimidin-7-one 
Lepidinium trifluoroacetate, in preparation 
of lepidin-2-yl homo C-nucleoside, 70, 
206 

a-and /3-Lepidin-2-yl C-nucleosides, 70, 205 
Lepidin-2-yl homo C-nucleoside, 70, 206 
Leucettidine, see 6-[(l'S)-l'-hydroxypropyl]- 
3-methylpteridine-2,4-dione 
Leukoindigo see 6,6'-dihydroxyindigo 
Lissoclins A and B, 70, 112 
Lithiated 2-chloro-3- 

cycloalkylideneaminopyridines, reaction 
with O-ethyl thiocarboxylates, 65, 51 
Lithiated tetrathiafulvalenes, reactions, 62, 
277 

acylation, 62, 277 
reaction with chalcogens, 62, 280 
reaction with halogenating agents, 62, 288 
reaction with halophosphines, 62, 288 
reaction with mercuric halides, 62, 290 
reaction with chlorosilanes, 62, 290 
reaction with chlorostannanes, 62, 290 
Lithiated triphenyliminophosphoranes, 64, 
166 

2-Lithiobenzothiophene, oxidative coupling, 
67, 18 

Lithio 2,6-dichloroimidazo[l ,2-a]pyridine, 
ribosylation, 70, 199 

2-Lithiofuran, as precursor to 2,2'-bifuran, 
67, 8 

2-Lithioimidazoles, oxidation, 67, 29 
2-Lithioindole, in preparation of indol-2-yl 
acyclo C-nucleosides, 70, 171 
4-Lithiomethylene pyrimidines, reaction with 
glycosyl halides, 68, 374 
2-Lithiomethylquinoline, reaction with 2- 
chlorobenzonitrile, 68, 213 
2-Lithiopyridines, reaction with aldehydo- 
sugar derivatives, 68, 348 
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3-Lithiopyridines, reaction with aldehydo- 
sugar derivatives, 68, 351 

2-Lithiopyrimidine from 2- 
stannylpyrimidine, 62, 354 
5-Lithiopyrimidines, reaction with aldehydo 
sugars, 68, 377 

2- Lithiopyrrole, transition metal coupling, 

67, 5 

3- Lithiopyrrole, precursor of 3,3'-bipyrroles, 

67, 6 

9-Lithiotelluroxenthene, 63, 31 
Lithium diisopropylamide, in lithiation of 
nucleosides, 69, 142 

Lithium triphenylsilylacetylide, reaction with 
amides, 67, 213 

Luminol, chemiluminescence, 61,176 
Luteolin, synthesis, 69, 52 

2.3- Lutidine, photochlorination and 

conversion to dihydrothienopyridines, 
68,183 

3.4- Lutidine, photochlorination and 

conversion to dihydrothienopyridines, 
68,183 

2-(a-D-Lyxofuranosyl)-4,5-dihydro-l,3,4- 
thiadiazole, 68, 335 

4- (a,/3-D-Lyxopyranosyl)imidazoline-2- 

thione, preparation, 68, 281 
2-(|3-D-Lyxopyranosyl)indol-4-one, 
preparation, 70,168 


Macrocycl 

Macrocyclic diamines, 64, 216 
Magnesium salt of monoethyl malonate, 
reaction with 

methylthiodihydropyrrolidium salts, 67, 
212 

D-Malate, synthesis, 68, 145 
Maleic acid, reaction with thioureas to give 
2-imino-5,6-dihydro-13-thiazin-4-ones, 
66, 154 

Malonyl-2-aminopyridine, structure 63, 117 
synthesis, 63, 137 
nitrosation, 63, 188 

reaction with diazonium compounds, 63, 
189 

Maniwamycins A and B, synthesis via cyclic 
sufates, 68, 155 

D-Mannonolactone, starting material in 
synthesis of seco-nucleosides, 67, 422 


D-Mannose thiosemicarbazones, ring chain 
tautomerism, 66, 20 
(+)-Maritidine, synthesis, 69, 59 
Menthyl (s)-3-(2-pyridylsulfinyl)acrylate, in 
synthesis of showdomycin, 68, 

244 

2- Mercapto-N-alkylbenzamides, precursor to 

l,3-benzothiazin-4-ones, 66, 143 

4-Mercapto-5-alkyl-2,6-dimethylpyrimidine, 
bromination and cyclisation to 
thieno[2,3-4]pyrimidines, 65, 237 

3- Mercaptoalkyl isocyanides, cyclisation, 69, 

384 

2-Mercaptobenzamides, precursor to 2- 
substituted-l,3-benzothiazin-4-ones, 66, 
143 

reaction of zinc salts and benzotrichloride, 
66, 143 

reaction with aldehydes to give 2,3- 
dihydro-l,3-benzothiazin-4-ones, 66, 
156 

2-Mercaptobenzhydrazide, reaction with 
cyanogen 66, 144 

2-Mercaptobenzimidazole, reaction with 
acryloyl chlorides, 66,165 
reaction with 4-benzylideneoxazol-5-ones 
66,166 

reaction with 2-chlorobenzoic acid or 2- 
chloronicotinic acid, 66,167 
2-Mercaptobenzoic acid reaction with ethyl 
cyanoformate, 66,140 
reaction with cyanogen to give bis(l,3- 
benzothiazin-4-ones), 66, 140 
reaction with malononitrile, 66, 

140 

reaction with cyanates, 66,141 
reaction with carbodiimides, cyanamides, 
dialkylcyanamides, cyanourea, 
cyanothiourea, 66,141 
2-Mercaptobenzothiazole, reduction by 
Raney nickel to 2,2'-bibenzothiazole, 
67,40 

2-Mercaptoimidazoles, synthesis, 69, 36 
reaction with a-haloketones, 69, 280 
2-Mercapto-1f/-imidaz.o[4,5-ft]pyridine, 
reaction with 2-chlorobenzoic or 
2-chloronicotinic acids, 66, 167 
a-Mercaptoketones, reaction with liquid 
HCN, 67, 34 

JV-(2-Mercapto-l-methylimidazol-5-yl)-A'- 
methyl urea, 61, 34 
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9-Mercapto-2-methyl-4//-pyrido[l,2-a] 

pyrimidin-4-one, 63, 210 
alkylation and acylation, 63, 210 
reaction with isocyanates, 63, 211 

2-Mercaptonicotinic acids, reaction with 
carbodiimides to give 2-imino-l,3- 
pyridothiazin-4-one, 66, 163 
2-Mercapto-l,3,4-oxadiazole, 64, 194 
2-Mercaptooxazolotropone, UV spectra, 66, 
301 

2- Mercaptophenyltriazole, from 1,3- 

benzthiazin-4-ones and hydrazines, 66, 
178 

3- Mercaptopropionic acid amides, reaction 

with azomethines to give 2,3,5,6- 
tetrahydro-l,3-thiazin-4-ones, 66,154 
reaction with aldehydes and ketones, 66, 
155 

11 -Mercaptopyrido[ 1,2-6]cinnolin-6-ium 
hydroxide, reduction, 69, 99 
alkylation with ethyl bromoacetate, 69,106 
3-Mercaptopyrrole, 65, 55 
2-Mercaptoquinoline acids, reaction with 
cyanoamides and cyanothioureas to give 
2-imino-l,3-quinolinothiazin-4-ones, 66, 
163 

2-Mercaptothiazoles, synthesis, 69, 44 
2-Mercaptothiazolo[c]tropone, alkylation 
and oxidation, 66, 360 
2-Mercapto-4,5-di-p-tolyl-imidazole, reaction 
with a-halo carboxylic acids, 69, 283 
2-Mercaptotriazoles, in preparation of 
thiazolo[3,2-6][l,2,4)triazoles, 69, 317 
reaction with dimedone and bromine, 69, 
321 

reaction with haloacetoacetic ethyl esters, 
69, 322 

reaction with epoxyphosphonates, 69,322 
Meridine, 70,100 
(±)-Meserbrine, synthesis, 67, 230 
l-(Mesitylene-2-sulfonyl)-3-nitro-l,2,4- 

triazole, nucleoside preparation, 69,142 
Methacryloyl thiourea, thermal cyclisation to 
5,6-dichloro-2-imino-l,3-thiazin-4-ones, 
66, 152 

5.8- Methano-3,l-benzoxazine-2,4-diones, 

synthesis, 69, 374 

5.8- Methano-2ff-1,3-benzoxazin-4-one, 

synthesis, 69, 379 

5.8- Methano-2//-3,l-benzoxazin-4-ones, 69, 

380 


l',2'-seco-2',3'-Methanonucleosides, 
synthesis, 67, 402 

5.8- Methano-r-4-phenylimino-c-4a,c5,6,7, 

8-,c-8a-hexahydro-4/M,3-bcnzoxazine, 
conformations, 69, 410 

5.8- Methano-r-4-phenylimino-c-4a,c5,8-,c- 

8a-tetrahydro-4//-l,3-benzoxazine, 
conformations, 69, 410 
diexo-Methanoquinazolinediones, 69, 394 
2-Methoxyacridine-9-carboxaldehyde, in 
synthesis of pyridoacridines, 70, 119 
6-Methoxyadenine, alkylation to give 
acylonucleosides, 68, 9 
cis,fr<ww-2-Methoxy-5-alkyloxanes, 
conformational equilibria, 69, 223 

5- Methoxy-2-anisy loxazole, 

[3+2]cycloaddition with 2,3-di-O- 
benzyl-D-glyceraldehyde, 68, 305 
(E)-2'-Methoxy-l-benzenesulfonyl-3- 
vinylindole, reaction with 1,4- 
benzoquinones, 63, 362 
(Z)-2-Methoxy-l-benzenesulfonyl-3- 
vinylindole, reaction with diethyl 
azidodicarboxylate, 63, 385 

6- Methoxybenzo[c]phenanthridines, 

synthesis, 67, 360 

1- Methoxybenzo[c]pyrilium-4-olate, 

generation and reaction with 
dipolarophiles, 65, 361 
reaction with carbonyls, 65, 362 
5-Methoxybenzo|/]-l,4-thiazepine, loss of 
sulfur, 65, 50 

10-Methoxybenzotropothiazine, oxidation, 
66, 352 

2- (4-Methoxybenzy lamino) - 1 -(4-r- 

phenacyl)pyridinium bromide, ring 
chain tautomerism, 66, 63 

2- Methoxy-3-bromotropones, reaction with 

o-aminophenol, 64,108 

3- Methoxycarbonylcoumarin, as dienophile 

with Lewis acid catalysis, 65, 350 
2-Methoxycarbonylcyclanones, 

thiobenzoylhydrazones-ring chain 
tautomerism, 66, 46 

5-Methoxycarbonyl-4-methylnicotinic acid, 
reaction with oxalyl chloride, 68, 192 

4- Methoxycarbonyl-5-phenyl-l,3,2- 

dioxathiolane 2,2-dioxide, reaction with 
ammonium bromide, 68, 146 
2-(o-Methoxycarbonylphenyl)pyridine, 
reaction with O-tosylhydroxylamine, 

69, 114 
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3- Methoxycarbonyl-2-pyrone, cycloaddition 

with trimethylenemethane, 65, 330 
5-Methoxycarbonyl-2-pyrone, 
photosensitised reaction with 
acrylonitrile, 65, 325 
cycloaddition with 1,1-diethoxyethylene, 
65, 334 

reaction with 2,3-dihydrofuran, 65, 334 
reaction with 3,4-dimethoxy-and 
3,4-dibenzyloxyfurans,65, 334 
reaction with isoprene, 65, 334 
reaction with 1-ethoxycarbonyl-l/f- 
azepine,65, 336 

reaction with p-benzoquinone, 65, 342 
reaction with cyclopropenone ketal, 65,341 
reaction with conjugated olefins (as 
2ir-dienophile), 65, 348 
reaction with 2-ethoxybutadiene, 65, 350 
reaction with isoprene, 65, 350 

4- (Methoxycarbonyl)thiophen-3-yl urea, 

cyclisation, 65, 263 

(E )-5-(2-Methoxycarbonylvinyl) uracil, 
preparation, 69,164 

2-Methoxycoumaran-3-ones, preparation 
from o-hydroxyacetophenones, 69,19 
2-Methoxy-3,6-diaryl-2//-pyrans, 62, 27 
2-Methoxy-l ,3-dioxane, conformational 
energies, 69, 236 

/3-Methoxyethyltosylamide, reaction with 
iodonium triflate, 69, 28 

5- (l-Methoxyethyl)uridine from 5- 

chloromercuryuridine,62, 403 
11-Methoxy-l,2,4,6,7,116- 

hexahydro[l,3]oxazino[4,3-fl] 
isoquinoline, antitumor activity, 70, 75 
4(5)-Methoxyimidazole, Pd(0) catalysed 
allylation, 66, 91 

Methoxy-5-iodopyrimidines, coupling with 
methyl acrylate, 62, 309 

2- Methoxy-3-methoxycarbonyltropone, 

reaction with phenylhydrazine, 64, 105 

3- [(Methoxymethyl)amino]pyrido[4,3-e] 

[l,2,4]triazine, synthesis from 3- 
aminopyrido[4,3-e][l,2,4]triazine, 61, 
219 

2-Methoxy-3-(3-methyl-2-butenyl)-4/7- 

pyrido[l,2-fl]pyrimidin-4-one, oxidation, 
63,181 

Methoxy-l-methylcycloheptapyrazol-8-ones, 
64, 112 


m/(ran.v-2-Methoxy,4-methyl-l ,3-dioxane, 
rotamers, 69, 248 

4-Methoxy-6-methyl-3-oxidopyrylium ylide, 
from kojic acid, 65, 359 
reaction with N-phenylmaleimide, 65, 359 
reaction with dimethyl acetylene 
dicarboxylate, 65, 359 
reaction with acrylonitrile, 65, 359 
(o-Methoxymethylphenyl)diazomethane, 
decomposition, 65,144 
4-Methoxy-5-methyl-2-pyrimidinone, in 
preparation of acyclonucleosides, 68, 77 
2-Methoxy-3-methylquinone, Nenitzescu 
reaction with urethanes, 67, 235 
2-Methoxymethylthieno|2,3-d]pyrimidin- 
4(3//)-one, 66, 209 

7-Methoxymitomycin precursor, 65,11 
11-Methoxynoracronycine, 70,127 

2- Methoxyoxane, conformations, 69, 220 
calculated conformational equilibria, 69, 

225 

4- p-Methoxyphenyl-5-methoxycarbonyl- 

1,3,2-dioxathiolane 2,2-dioxide, 
instability, 68,153 

3- [4-{4-(2-Methoxyphenyl)piperazin-l- 

yl}butyl]thieno[3,2-d]pyrimidine-2,4- 
dione, 66, 258 

V-Methoxyphenylpropionamide, oxidative 
cyclisation, 69, 56 

5- (4'-Methoxyphenyl)-2-(3'-pyridyl)oxazole, 

64, 189 

2-Methoxy-2/7-pyran, aromatisation, 62, 68 
conversion to benzene derivatives, 62, 93 

2- Methoxy-4/f-pyran, ring opening 

transformations, 62,86 

3- Methoxypyridazine, dimerisation, 67, 59 

2- Methoxy-4/f-pyrido[ 1,2-fl]pyrimidin-4- 

ones, 63, 184 

3- Methoxy-2-(D-ribofuranosyl)acrylate 

esters, reaction with urea derivatives, 

68, 367 

3-Methoxy-2-(D-ribofuranosyl)acrylate, in 
preparation of pseudouridine, 68, 359 
3-Methoxy-2-(D-ribofuranosyl)acrylonitrile, 
reaction with urea derivatives, 68, 367 
/V-Methoxytetrahydroquinoline, synthesis, 

69, 56 

2- Methoxy-l,2,4,5-tetroxane, conformations, 

69, 257 

3- Mcthoxythiocarbonylamino-47/- 

pyrido[l,2-u]pyrimidin-4-one, 63, 249 
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2- Methoxy-3,5,7-tribromotropone, reaction 

with o-aminophenol, 64, 108 
/ram-2(2-Methoxyvinyl)benzofuran, 

cycloaddition reactions, 63, 342, 63, 372 

3- (2-Methoxyvinyl)-l-phenylsulfonylindole, 

reaction with /V-phenylmaleimide, 63, 
363 

Methyl 3-acetoxy-2-methyl-4-oxo-4f/- 

pyrido[l,2-a]pyrimidine-7-carboxylate, 
63, 133 

3-Methylacetylacetone, alkylation with a,<p- 
dihaloalkanes, 67, 216 
Methyl 3-acetylaminothiophene-2- 

carboxylates, reaction with primary 
amines to thieno[3,2-d]pyrimidincs, 66, 
236 

de-V-Methylacronycine, 70, 127 
3-Methyl acrylate, 1,3-dipolar cycloaddition 
to metallated azomethine ylides, 64, 8 
Methyl acrylate, Pd catalysed reaction with 
anilines, 67, 214 

c«-2-Methyl-5-aIkyl-5-hydroxy-l,3-dioxanes, 
intramolecular hydrogen bonding, 69, 
242 

cis, trans-2-MethyI-5-alkylmercaptooxanes, 
conformational equilibria, 69, 224 
trans-3 ,4a-//-2-Methyl-3- 

alkylperhydropyrido[l,2-c]pyrimidines, 
'H NMR spectra and conformations, 

70, 26 

Methyl 5-alkyl-l-phenyI-l,2,4-triazole-3- 
carboxylate, 64,197 

Methyl-L-amicetoside, in preparation of 
acyclonucleosides, 68, 64 
Methyl 5-amino-4-benzylthieno[2,3-4] 
pyrimidin-2-one-6-carboxylate, 66, 218 
Methyl 5-amino-2(4-chIorophenyI)-4- 
phenylthieno[2,3-4]pyrimidine-6- 
carboxylate, 66, 217 
2-(2-Methylaminoethyl)-6,7-dimethoxy- 
1,2,3,4-tetrahydroisoquinoline, 70, 42 

2- (,V-Methylaminoethyl)-3- 

nitrobenzaldoximine, ring chain 
tautomerism 66, 36 

5-MethyIaminomethyIene-l,3-dioxan-4,6- 
dione, conformations, 69, 247 
l-Methyl-/ram-2-amino-3,4,4a, 5,6,7,8,8 a- 
octahydroquinazoline, conformations, 
69, 407 

3- Methyl-mws-2-amino-3,4,4a, 5,6,7,8,8a- 

octahydroquinazoline, conformations, 
69, 407 


2-V-Methylaminooxane, conformations, 69, 
220 

2- Methyl-l-aminopyridinium salts, acylation, 

68, 201 

Methyl 4-aminothiophene-3-carboxylate, 
cyclisation with formamide 65, 262 

4-(N-Methylanilino)pent-3-en-2-one, 
irradiation 67, 239 

6-Methylanthranilic acid, in synthesis of 
quino[a]acridones, 70, 91 
Cis and frans-iV-Methyl-3-aryl-4- 
carboxymethylisoquinol-l-ones, 
synthesis, 67, 372 
Methyl A , -aryl-3-cyano-4-ethyl-2- 

oxopyridazin-5-carboxylate, reaction 
with sulfur and base, 68, 188 
Methyl 2-aryI-2,3-dihydrobenzofuran-3- 
carboxylates, formation, 69, 69 

3- Methyl-2-(V-arylimino)-2,3,6,7- 

tetrahydro-4H-pyrimido[6,l-a] 
isoquinolin-4-ones, UV spectra, 70, 24 
infrared spectroscopy, 70, 24 
A'-Methylatalaphyllidine, 70,127 
bicyclo-A'-Methylatalaphylline, 70,127 
O-Methylated-5-iodouracil, reaction with 
tetrahydropyranyl protected copper 
derivatives of propargyl alcohol, 62, 397 
Methyl 2-benzamido-2-deoxy-5,6-O- 

isopropylidene-4-0-methylsulfonyl-/3-D- 
glucopyranoside, cyclisation, 70,188 
ll-Methylbenzazinotropylium ions, ring 
cleavage, 66, 387 

5(6)-Methylbenzimidazole, Pd(0) catalysed 
allylation, 66, 93 

Methyl benzofuran-4-carboxylate, 63, 341 
2-Methylbenzoj/]indole-4,9-dione, synthesis, 
67, 244 

«or-6-Methylbenzo[c]phenanthridine, 
synthesis, 67, 360 

6-Methylbenzo[c]phenanthridines, synthesis, 
67, 379 

8-Methyl-47/-l -benzopyran-4-ones, arylation 
to flavones, 65, 305 

Methyl benzothietane-2-carboxyIate, 65, 161 
Methyl 2-benzoylamino-3- 

dimethylaminopropenoate, reaction 
with barbituric acid, 64, 54 
conversion to pyrido[l,2-o]quinoline, 64,58 
reaction with 1,4-naphthoquinone, 64, 50 
Methyl-4,6-0-benzyIidene-2,3-dimethoxy-a- 
D-glucopyranoside, conformations, 69, 
251 
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Methyl 4,6-O-benzylidene-a-D- 

glucopyranoside, conversion to cyclic 
sulfates, 68, 114 

1 ’ -Methyl-1,2’ -bibenzimidazole, from 
benzimidazole and 1- 
methylbenzimidazole-2-suIfonic acid, 
67,37 

3'-Methyl-4,5'-biisoxazole, 67, 24 
3-Methylbiopterin, 70, 268 
3-Methyl-3-(2-bromoethyl)-l,3,4,6- 
tetrahydro-7/f-[l,4]oxazino[l,3-h] 
isoquinoline-1,4-diones, 70, 55 
1 -Me thyl-3 -bromome thy 1-7- 

methoxopyrazolo[4,3-d]pyrimidine, in 
preparation of acyclo 1-methylformycin, 
70, 247 

Methyl-3-bromo-3-phenyl-2- 

hydroxypropionate, synthesis via ring 
opening of cyclic sufates, 68,146 
3-Methyl 2-f-butyl-6,7,8,9- 

tetrahydropyrido[l,2-a]pyrimidin-4-one, 
63, 236 

Methyl N-carbobenzyloxy-pyrrolidin-3-one- 
2-carboxylate,65,107 
1 -Methy l-/3-carboline, 64, 56 
r-4-Methyl,c«-5-chloro,rmns-6-methyl-1,3- 
dioxane, conformation, 69, 238 
Methyl 3-cyano-4-imino-6-methyl-4ff- 

quinolizine-l-carboxylate, reaction with 
carboxylic anhydrides, 68, 185 
Methyl 2-cyano(3-methylthienopyrimidin-2- 
ylidene)acetates, 66, 200 
l-(and 2-)Methylcycloheptapyrazol-4-ones, 
64,112 

5-Methylcytosine, Pd(0) catalysed allylation, 

66, 111 

3-Methyl-m-decahydroquinazoline, 
conformations, 69, 405 
Methyl 2-deoxy-3,5-di-0-p-toluoyl-D- 

erythro- pentofuranoside, reaction with 
trimethylsilyl derivatives of hydantoin, 
68, 79 

l-Methyl-2'-deoxypseudouridine, 68, 370 
inhibition of P815 tumour cells, 68, 371 
3-Methyl-2'-deoxypseudouridine, 68, 370 
l-O-Methyl-2-deoxy-D-ribofuranose, 

precursor in seco-nucleoside synthesis, 
67, 417 

Methyl 2,2-dialkyl-4-oxo-l ,3-dioxolan-5- 
carboxylate, 65, 184 


Methyl 2,5-diamino-thieno[2,3-d]pyrimidine- 
6-carboxylate, 66, 218 
Methyl 3,3-diazido-2-cyanoacrylate, 67, 248 
precursor to 1,2,3-triazoles, 67, 260 
Methyl 2-diazo-3-oxobutyrate, copper 

catalysed decomposition in presence of 
aldehydes and ketones, 65,184 
(Hl-Methyl-2,2- 

dibromocyclopropyl)ethylidene] 
hydroxylamine, 65,124 
Methyl-2,3-dideoxy-3-fluoro-5-0-(4- 
phenylbenzoyl )-0-D-erythro- 
pentofuranoside, reaction with 5- 
nitrouracil, 69, 195 

2-Methyl-2,3-dihydro-l,3-benzothiazin-4- 
one, oxidation, 66,172 
Methyl dihydrobenzothiophene-3- 
carboxylate, 65, 165 

1-Methyl-3,4-dihydro-/3-carboline, reaction 
with ethyl 

ethoxymethyleneacetoacetate, 68, 213 
9-Methyl-3,4-dihydro-/3-carboline, 

conversion to triazinopyridoindole, 61, 
212 

1- Methyl-3,4-dihydro-/3-carboline-3- 

carboxylate, 64, 56 

2- Methyl-l,2-dihydroisoquinoline, 67, 384 
Methyl 3,4-dihydro-2-methyl-5- 

thiomethylthieno[3,4-d]pyrimidin-4- 
one-7-carboxylate, 66, 248 
antiallergic activity, 66, 273 
9-Methyl-3,4-dihydro-2 W-pyrido[ 1,2-a] 
pyrimidin-2-one, 63, 242 
N-Methyl-6,7-dimethoxy-l,3- 
isoquinolinedione, 67, 385 
Methyl 2,4-dimethoxy-6-methylpyrimidine- 
5-carboxylate, lithiation and reaction 
with acetylenes, 68,195 
2-[N-Methyl-2-(2',4'- 

dinitrophenyl)amino]oxane, UV spectra 
and conformations, 69, 227 
2-Methyl-1,3-dioxane, conformational 
energies, 69, 236 

4-Methyl-l,3,2-dioxathiolane 2-oxide, 
synthesis, 68, 106 

Methyl 2,7-dioxo-5,5-diphenyl-3-methyl-l,4- 
diazabicyclo[3,3,0]octane-8-carboxylate, 
65, 110 

Methyl-2,6-diphenylpyridinium perchlorate, 
62, 51 
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4-Methyl-2,6-diphenylpyrylium 

tetrafluoroborate, reactions with 
diazoalkanes, 65, 292 

Methylene-3-azapyryliutn salts, formation of 
anhydrobases, 64, 355 
Methylenebenzothiazolines, 65,191 
Methylene-bridged bisoxazines, 69, 354 
(W)-2-Methylcne cyclopropane acetic acid, 
synthesis via cyclic sulfites, 68,136 
4-MethyIene-3,4-dihydro-2//-pyrido[l,2-a] 
pyrimidines, 63, 169 
ring opening, 63, 239 
4-Methylenc-3,4-dihydro-4//-pyrido[l,2-a] 
pyrimidine, X-ray structure, 62,121 
ejco-Methylene-l,3-dioxanes, ring inversion, 
69, 259 

2-Methylenedioxoles, 65, 183 
3,4-Methylenedioxyacetophenone, in the 
synthesis of benzo[c]phenanthridine 
alkaloids, 67, 352 
(3\4'-Methylenedioxy)-3,4- 

dimethoxychalcone, in nitidine synthesis, 

67, 350 

2- (3,4-Methylenedioxyphenyl)ethylamine, 

condensation with D-ribonolactone, 

68, 69 

3- (3,4-Methylenedioxyphenyl)propionate, 

starting material for synthesis of nitidine, 
67, 350 

Methylenediphosphiranes, 65,171 
6,7-Methylene-4-oxo-4H-pyrido[l,2-n] 
pyrimidine-7-carboxylate, 63, 205 
Methylenephosphiranes, 65,170 
Methylene pyrazoles, hydration, 64, 294 
6-Methylene-6,7,8,9-tetrahydro-4W- 

pyrido[ 1,2-n]pyrimidin-4-one, 63,157 
Methylenethiaranes, 65,161 
Methyl 3-ethoxycarbonylaminothiophene-2- 
carboxylate, reaction with ethyl 
chloroformate to give thieno[3,2-d] 
pyrimidines, 66, 238 

O-Methylfagaronine, synthesis 67, 352; 67, 
362; 67, 364; 67, 374 
2-Methylfevenulone, preparation and 
antibiotic activity, 61, 252 
2-Methyl-3[2-{4'-(4-fluorobenzoyl)piperazin- 
l-yl}ethyl]pyrido[l,2-fl]pyrimidin-4-one, 
biological activity, 63, 245 
Methyl 5-fluoro-4- 

trifluorome thanesulfonyloxy-2,3- 


dihydro-l-methyl-7-oxo-l/7, 1H- 
pyrido[3,2,l-/;]cinnoline-8-carboxylate, 
reaction with 3-tributylstannyl-2- 
cyclohexen-l-one, 69, 104 

1- Methylformycin, 70, 240 

2- Methylformycin, 70, 240 

4-Methylformycin, 70, 240 
6-Methylformycin, 70, 240 
2-Methyl-4-formyl-l,2-dihydroisoquinoline, 

synthesis, 67, 384 

Methyl 3(2//)-furanone-2-carboxylate, 65, 
138 

/V-Methylfuro[2,3-c]acridin-6-one, 70, 151 
2-Methylfurotropone, reaction with primary 
amines, 64,116 

2- Methylglyoxal-l-oxime, condensation with 

2-amino-2-(/3-D- 

ribofuranosyl)acetonitrile derivatives, 
68,379 

O-Methylhalfordinol, see 5-(4'- 

methoxyphenyl)-2-(3 ' -pyridyl)oxazole 
tranr-3,4a-//-3-Methyl-l,3,4,4a, 5,6- 

hexahydropyrido[ 1,2 -a] [ 1,3]oxazin-1 - 
one, catalytic hydrogenation, 70, 34 
6-Methylhexahydropyridopyrimidin-4-ones, 
configuration, 63, 111 

3- Methyl-1,3,4,6,7,116- 

hexahydropyrimido[6,l- 
njisoquinolines, 13 C NMR spectra and 
conformations, 70, 30 

2- Methyl-13,4,6,7,1 lfi-hexahydro-2//- 

pyrimido[6,l-a]isoquinoline, 'H NMR 
spectra and conformations, 70, 27 

3- Methyl-l ,3,4,6,7,116-hexahydro-2//- 

pyrimido[6,l-a]isoquinolin-2,4-dione, ‘H 
NMR spectra and conformations, 70, 28 
3-Methyl-l,3,4,6,7,116-hexahydro-2//- 
pyrimido[6,l-a]isoquinolin-2-one, 'H 
NMR spectra and conformations, 70, 28 
2-Methyl-2,3,4,4n, 5,6-hexahydro-lW- 
pyrimido[l,6-a]quinoline, 70, 65 
■H NMR spectra and conformations, 70,27 
(2s,5s)-tran,v-2-MethyI-5-hexanolide, 
synthesis via cyclic sulfites, 68, 133 
V-Methyl-2-hydroxy-1 - 

cycloalkanecarboxamides, reaction with 
aldehydes and ketones, 69, 369 
l-Methyl-3- 

hydroxymethyloctahydroquinazolin-4- 
ones, 69, 389 
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an/iydro-2-Methyl-4-hydroxy-5,6,7,g- 
tetrahydropyrido[l,2-6]pyridazinium 
hydroxide, reaction at position 3,69,102 

2-Methylimidazo[l,2-a]pyrimidine, 63, 230 
6-Methylimidazo[2,l-6]thiazole, 69, 288 
6-Methylimidazo[2,l-6]thiazole-5-carboxylic 
acid, 69, 298 

2-Methylimidazotropone, -V-alkylation, 66, 
348 

2-(,V-Methylimino)-3-nitroso-2,3- 

dihydrothiazole, cyclisation, 69, 324 
2-A'-Methyliminooctahydro-27/-3,l- 
benzoxazines, mass spectra, 69, 441 
2-N-Methylimino-cis and frans-ocahydro-2H- 

3.1- oxazines, conformations, 69, 408 
2-lV-Methylimino-cis and ww»-ocahydro-2l:/- 

3.1- thiazines, conformations, 69, 408 
(E)-Methyl indole-2-acrylate, reaction with 

diethyl azidodicarboxylate, 63, 385 
V-Methylindole-4,5-dicarboxylic anhydride, 
63, 373 

l-Methylindole-4,7-dicarboxylic ester, 63,345 

1- (l-Methyl-2-indolyl)-l-(V-methyl-2'- 

pyrrolyl)ethene, reaction with dimethyl 
acetylene dicarboxylate, 63, 351 

2- (l-Methyl-2-indolyl)propene, dimerisation, 

63, 350 

0 6 -Methylinosine, cyanomethylation, 62,345 

2- Methylisocarbostyril-4-aldehyde, synthesis 

67, 384 

1-Methylisochromane, conformations, 69, 
229 

Methyl 3-isocyanato-2- 

thiophenecarboxylate, reaction with 
ethyl glycinate, 65, 258 
1-Methylisoquinoline, reaction with 
benzenesulfonyl azide, 68, 216 
s-Methylisothiazolidine-3-carboxylic acid, 
64,23 

3- Methyl-isoxazolin-5-one, Pd(0)-catalysed 

reaction with cinnamyl ethyl carbonate, 

66, 84 

an/tydro-2-Methyl-3-mercapto-4-hydroxy- 
5,6,7,8-tetrahydro[l,2-6]pyridazinium 
hydroxide, 69,105 
Methyl-E-3- 

(methoxycarbonyl)methoxypropenoate, 
reaction with 2-amino-6-chloropurine, 

67, 414 

Methyl 4-(methoxyphenyl)-3,6-dioxo-3,4,5,6- 
tctrahydro-27/-l ,4-oxazinc carboxylate, 
65, 190 


1 -Methyl-3-[1 -(m-methoxyphenyl)ethyl] 
perhydropyridazine, reaction with 
formaldehyde, 69,117 

3-Methyl-5-methoxy-2-phenyl-2,4a,5,6,7,8- 
hexahydro-17/-pyrido[l ,2-c]pyrimidine- 
1-thione, 70, 66,68 
N-Methyl-2-(2-methoxyvinyl)indole, 
reaction with acrylonitrile 63, 377 
reaction with diethyl azidodicarboxylate, 
63, 385 

Methyl V-methylglycinate, precursor to 
imidazoles, 64, 18 

3- Methyl-6-(l-methylhydrazino)uracil, 

precursor of pyrido[4,3-c] 
[l,2,4]triazines, 61, 241 
Methyl 5-methyl-2-hydroxyindolizine-3- 
dithiocarboxylate, 68, 211 
Methyl l-methylimidazole-5-carboxylate, 

64,18 

Methyl 3-methylimidazo[2,l-6)thiazole-6- 
carboxylate, reduction, 69, 295 
Methyl 2-methyl-3-propyl-4-oxo-4H- 

py rido [ 1,2-«]py rimidine-7-carboxylate, 
63,135 

1- Methyl-2-methylthio-2-pyrroline, as a 

dienophile, 70,198 

2- Methyl-2H-naphtho[l,8-c,d]thiophene, 65, 

163 

iV-Methylnaphthylformamides, in the 
synthesis of benzo[c]phenanthridine 
alkaloids, 67, 353 

2-Methylnicotinic acid, reaction with 

phosphorus oxychloride and dimethyl 
formamide, 68,192 

4- Methylnicotinic acid, reaction with thionyl 

chloride, 68,192 

2- Methyl-4-nitroimidazole, catalytic 

hydrogenation in acetic anhydride, 61,12 

4-Methyl-5-nitroimidazole, coupling with 
mercury chloride salt, 69,140 

3- Methyl-2-(4-nitrophenyl)-4-phenyl-l,3- 

oxazolium-5-olate, in preparation of 
pyrroles, 67, 425 
6-Methyl-4-(4'-nitrophenyl)-2- 
phenylquinazoline, 64, 217 
l-Methyl-5-nitro-2-(2'-pyrimidyl)imidazole, 
metabolism of, 61, 31 

4- Methyl-6-nitroso-3-phenylpyridinediol- 

hydrolysis to hydroxyazabenzoquinone, 
61,143 
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A , -Methyl-2-(2-nitrovinyl)indole, reaction 
with acrylonitrile, 63, 377 
reaction with maleic acid, 63, 373 
de-V-Methylnoracronycine, 70,127 
/V-Methyl-cir-octahydro-2/7-3,1- 

benzoxazine, conformations, 69, 405 
Methyl 13-oxazin-2-one-4-carboxylate, 
64,33 

Methyl oxazolidin-2-one-3-carboxylate, 
64,21 

Methyl 3-oxobutanoate, reaction with 
thiobenzhydrazide, ring chain 
tautomerism, 66, 46 
3-(l-Methyl-5-oxo-l,5-dihydropyrrol-3- 
yl)acrolein, 65,120 

2-Methyl-7-oxo-3,7-dihydro-l,2,4- 

triazolo[3,2-c][l,2,4]triazine,61, 286 

5- Methyl-5-oxo-l,3,5-dioxaphosphorinane, 

synthesis from 

tris(hydroxyethyl)phosphine, 61, 64 
Methyl transAa, 8-77-1 -oxo-1,3,4,4a,7,8- 
hexahydropyrido[l,2-c][l,3]oxazine-8- 
carboxylate, hydrolysis, 70, 37 
Methyl l-oxo-l,3,4,4a,7,8- 

hexahydropyrido[l,2-c][l,3]oxazine-8- 
carboxylate, deuteration, 70, 36 
2-(and 3)-Methyloxolane, 65,142 
Methyl 3-oxooxepane-2-carboxylate, 65,158 
Methyl 3-oxooxocane-2-carboxylate, 65,159 
Methyl 2-oxo-2//-pyrido[ 1,2-a]pyrimidine-4- 
acetate, 63, 126 

6- Methyl-4-oxo-4/7-pyrido[l,2-a]pyrimidine- 

3-acetate, X-ray analysis, 63,120 
6-Methyl-4-oxo-477-pyrido[l,2-a]pyrimidine- 
3-acrylates, thermal rearrangement, 63, 
231 

6-Methyl-4-oxo-4/7-pyrido[l,2-a]pyrimidine- 
3-carboxylates, hydrolysis, 63,173 
2-Methyl-4-oxopyrido[l,2-a]pyrimidine-7- 
carboxylate, condensation with 
aldehydes, 63,187 

2- Methyl-4-oxo-4//-pyrido[l,2-u)pyrimidine- 

9-carboxylic acid, 63, 133 

l-Methyl-4-oxo-4,5,6,7-tetrahydro-6,6- 
dimethyl-l,3-benzoxazole, 65,181 

3- Methyl-l-oxo-12/7-l,2,4-triazepino- 

[3 ' ,4' :3,4][1,2,4]triazino[5,6-ft]indole, 61, 

294 

3-Methyl-5-oxo-12//-l,2,4-triazepino- 

[4',3':2,3][1,2,4|triazino[5,6-6]indole, 61, 

295 


4-Methylperhydropyrido[l,2-a][l,3]oxazines, 
quaternisation, 70, 35 
cis-4a, 5-77-5-Methyl-perhydropyrido[ 1,2-c] 

[1.3] oxazine, NMR spectroscopy and 
conformations, 70, 11 

trans-4a , 5-77-5-Methyl-perhydropyrido 
[l,2-c][l,3]oxazine, NMR spectroscopy 
and conformations, 70, 11 
cis-4a, 8-//-8-Methyl-perhydropyrido[l ,2-c] 

[1.3] oxazine, NMR spectroscopy and 
conformations, 70, 11 

(ra«.v-4a,8-//-8-Methyl-perhydropyrido 

[l,2-c][13)oxazine, NMR spectroscopy 
and conformations, 70, 11 
1 -Methylperhydropyridoj 1,2-6]pyridazine, 
conformation, 69, 93 
ionisation potential, 69, 93 
low temperature I3 C NMR spectroscopy, 
69, 95 

2-Methylperhydropyrido[l,2-c]pyrimidine, 
dipole moments, 70, 22 
l H NMR spectra and conformations, 
70,25 

1- Methylperhydropyrido[l,2-c]pyrimidin-3- 

one, 70, 45 

2- Methylperhydropyrido[l,2-a]pyrimidin-3- 

ones, Bohlmann bands in infrared 
spectra, 70, 24 

trans-3,4a-77-3-Methylperhydropyrido[l,2-c] 

[1.3] thiazine, infrared spectroscopy, 

70, 18 

'H NMR spectroscopy, 70,18 
trans-, 4a-, 5-/7-5-Methylperhydropyrido 
[l,2-c][l,3]thiazine, infrared 
spectroscopy, 70,18 
’H NMR spectroscopy, 70,18 
cis-4a-,8-77-8-Methylperhydro[l,2-c] 

[l,3]thiazine, infrared spectroscopy, 
70,18 

1- Methylperhydro-2,4-quinazolinedione, 69, 

392 

6-Methylphenanthridine, reaction with 
benzenesulfonyl azide, 68, 216 
cis-2-Methyl-4-phenoxy-l,3-dioxanes, 
conformations, 69, 239 

2- Methy l-3-phenoxy-47/-py rido[ 1,2-a ] 

pyrimidin-4-one, nitration, 63, 192 

3- Methyl-7-phenoxypyrrolo[6]tropone, 

resistance to hydrolysis, 66, 345 

4- (lV-Methyl-/V-phenylamino)thieno[3,2-4] 

pyrimidine, 66, 248 
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Methyl 2-0-(phenylcarbamoyl)-a-D- 

glucopyranoside, cyclisation, 70,186 

2-Methyl-2-phenyl-l,3-dioxanes, 

conformation of phenyl substituent, 69, 
241 

Methyl phenylglycinate, condensation with 4- 
chloroquinoline-3-carboxylate, 64, 57 

5- Methyl-6-phenylimidazo[2,1-6]thiazole, 

oxidation,69, 296 

Methyl 2-phenyl-5-(4-nitrophenyl)furan-3- 
carboxylate, 65, 149 
ci'r-l,4a-//-franr-5//-5-Methyl-l- 

phenylperhydro[l,2-c][l,3]thiazine, 
infra-red spectroscopy, 70,18 

2-Methyl,r-2-phenyl, dr-5-phenyl-l ,3- 

dioxane, conformational equilibria, 69, 
239 

2-Methyl-4-phenyl-3H-pyrido[l,2-6] 
pyridazin-3-one, reduction, 69,100 

2- Methyl-7-phenyl-6,7,8,9-tetrahydro-4tf- 

pyrido[l,2-ajpyrimidin-4-one, 63,136 
reaction with aromatic aldehydes, 63,201 
electrochemistry, 63, 238 

3- Methyl-l-phenylthieno[2,3-d]pyrimidin- 

2,4(1//, 3//)-diones, 65, 246 

1- Methylphthalazine, reaction with dimethyl 

acetylene dicarboxylate, 69,120 

3-(2-Methyl-2-propenyl)thieno[3,4-d] 

pyrimidin-2(l//)-thione-4-one, 66, 262 

2- Methyl-4(l-propynyl)thieno[2,3-d] 

pyrimidine, 66, 229 

1- Methylpseudouridine, see l-methyl-5-(/3-D- 

ribofuranosyl)uracil 

acyclo 1-Methylpseudouridines, 68, 378 
Methyl-4//-pyrans, 62, 21 
Methyl-4//-pyran-2,6-dicarboxylate, 62,102 

6- Methyl-2//-pyran-2-one, as pyrylium 

triflate in reaction with silyloxydienes, 
65, 350 

2- Methylpyrazine, reaction with nitriles, 68, 

206 

3- Methylpyrazolo[d]tropolone, 64,102 
3-(and 4-)Methyl-5-pyrazolone, Pd(0) 

catalysed allylation, 66, 86 
iV-Methylpyridazinium iodide, reaction with 
dimethyl acetylenedicarboxylate, 68,208 

3-Methylpyridine-2-thione, reaction of 
dianion with benzophenone, 68, 206 
2-(6-Methylpyridinylamino) 

methylenemalononitrile, ring chain 
tautomerism, 66, 56 


6-Methyl-4//-pyrido[l,2-a]pyrimidin-4-ones, 
configuration and spectra, 63, 110-1 
nitration, 63, 188 

2- Methylpyridotropolones, condensation 

with aldehydes, 66, 361 

4-Methylpyrimidine trifluoroacetate, 

reaction with saccharide free radicals, 
68,364 

W-Methyl-pyrimidin-5-yl triflate, coupling to 
alkenes, 62, 311 

Methylpyrones, photosensitised reactions, 

65, 325 

4-Methyl-2-pyrone, reaction with methyl 
magnesium iodide, 65, 295 
Methyl 2-pyrone-5-carboxylate, 
decarboxylation, 62, 28 
precursor to 2//-pyrans, 62, 65 
photosensitised cycloaddition to 2,3- 
dihydrofurans, 65, 325 
photosensitised cycloaddition to 3,4- 
dihydro-2//-pyrans, 65, 325 

1- Methylpyrrole, precursor to bipyrazoles, 

67,22 

/V*-(N-Methyl-2-pyrrolidinylidene)adenine, 
Pd(0) catalysed allylation, 66,120 
6-Methylpyrrolo[3,2-d]pyrimidin-4-one, C- 
ribosylation, 70, 220 

3- Methylpyrrolo[6]tropolone, bromination, 

66, 332 

Af-Methylpyrrolo[c]tropone, 1:2-cycloadduct 
with diethyl acetylene dicarboxylate, 

66, 364 

2- Methylpyrrolo[6]tropone, Mannich base 

and reduction,66, 361 
2-(l-Methylpyrrol-2-yl)propene, reaction 
with diethyl azidodicarboxylate, 63, 383 
2-Methylquinazolin-4-one, reaction with 
dimethyl acetylenedicarboxylate, 68,215 
2-Methylquinoline, reaction with two moles 
of dimethyl acetylenedicarboxylate, 68, 
214 

reaction with benzenesulfonyl azide, 68, 
216 

oxidative dimerisation to 2,2'-dimethyl- 
4,4'-biquinoline, 67, 54 

4- Methylquinoline, reaction with thionyl 

chloride, 68, 208 

2-Methylquinoxaline, reaction with 

tetrachloro-o-benzoquinone, 68, 212 
reaction with two moles of dimethyl 
acetylenedicarboxylate, 68, 214 
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1-Methylquinoxalinium iodide, precursor of 
[1.2,4]triazino[5,6-6]quinoxalines, 61, 
270 

Methyl a-rhodinoside, in preparation of 
acyclonucleosides, 68, 64 

S-Methyl l-(/3-f> 

ribofuranosyl)dithiocarbonate, free 
radical coupling with A'-ethylmaleimide, 

68, 240 

Methyl 2-(/3-D-ribofuranosyl)-2-oxoacetate, 
condensation with semicarbazides, 68, 
390 

l-Methyl-6-(/3-D-ribofuranosyl)pyrrolidino 
[3,2-c]pyridine, preparation, 70, 198 

1- Methyl-5-(/S-D-ribofuranosyl)uracil, 68,360 
isolation from fermentation broth of 

Streptomyces platensis, 68, 226 
3-Methyl-5-(/3-D-ribofuranosyl)uracil, 68,360 
isolation from fermentation broth of 
Nocardia lactamdurans, 68, 226 
V-Methylseverifoline, 70, 127 

2- Methylshowsomycin, synthesis, 68, 236 

2- Methyl-4-styrylthieno[2,3-d]pyrimidine, 

66,226 

3- Methyl-substituted 4-oxo-4a,5,6,7,8,8a- 

hexahydroquinazolines, conformations, 

69, 416 

5-Methyl-5-(4'-substituted-phenyl)-l,3- 
dioxane, conformational equilibria, 69, 
239 

Methyl substituted tetrahydro-l,3-oxazines, 
conformations, 69, 401 

1- Methyl-3-substituted-thieno[3,2-4] 

pyrimidinediones, 66, 254 

2- Methyl-3-substituted-thieno[3,2-d] 

pyrimidin-4-one, 66, 236 
V-Methyl-jV'-sulfonatequinoxalinotropylium 
ions, tautomerism to sultone, 66, 384 
2(2-Methylsulfonyloxypentitol-l- 
yl)pyridines, cvclisation. 68, 341 

3- (2-Methylsulfonyloxypentitol-1 - 

yl)pyridines, acid catalysed cyclisation, 
68,344 

2- Methyl-2//-tellurachromenes, 63, 27 

3- Methyl-2//-tellurachromenes, 63, 27 
2-Methyltellurachromylium salts, 

condensation with aldehydes, 63, 51 
2-Methyltellurapyrylium cations, reaction 
with dimethylformamide dimethyl 
acetal, 63, 51 


2-Methyltellurapyrylium salts, condensation 
with aldehydes to give Te containing 
cyanine dyes, 63, 52 

4-Methyltellurapyrylium tetrafluoroborate, 
63,43 

2-Methyltellurochromanone, 63, 22 

2- Methyltellurocinnamic acid,63, 32 

3- Methyl tetrahydroindol-4-ones, formation, 

67, 246 

/V-Methyltetrahydronaphthylamines, in the 
synthesis of benzo[c]phenanthridine 
alkaloids, 67, 353 

Methyl 2,3,4,5-tetrahydro-3-oxothiophene-2- 
carboxylate, 66, 245 

2- Methyl-3,4,5,6-tetrahydro-4a//- 

pyridazino[l,6-o]quinolin-4-one, 69, 104 

6- Methyl-6,7,8,9-tetrahydro-4W-pyrido 

[l,2-a]pyrimidin-4-ones, reaction with 
iminium salts, 63, 219 
9-Methyl-6,7,8,9-tetrahydro-4//-pyrido 
[ 1,2-fl]pyrimidin-4-ones, 63, 179 

3- (l-Methyl-l,2,3,6-tetrahydropyrid-4- 

yl)indoles, cyclisation, 63, 348 

4- Methyl-l,6,7,ll&-tetrahydro-2//- 

pyrimido[6,l-a]isoquinoline, 70, 65 
Methyl 2,2,4,4-tetramethylthietane-l,l- 
dioxide-3-carboxylate, 65,161 
Methyl tetrathiafulvalenecarboxylate, 
hydrolysis 62, 262 
decarboxylation, 62, 265 
iV-(l-Methyl-5-tetrazolyl)benzohydrazonoyl 
bromide, reaction with sodium acetate, 
63, 324 

9-Methyl-3-(lH-tetrazolyl)-4H-pyrido[l,2-a] 
pyrimidin-4-one, 63,147 

5- Methyl-2-(L-nrab(>io-tetritol-l- 

yl)benzimidazole, antitumor activity, 

70, 185 

2-Methyl-5-(D-nrn6mo-tetritol-l-yl)pyrazine, 

68, 381 

2- Methyl-6-(D-araf>mo-tetritol-l-yl)pyrazine, 

68, 381 

3- Methyltetronic acid, Pd(0)-catalysed 

allylation, 66, 80 

5-Methylthiazolo[3,2-t>][l,2,4]triazole-2- 
thiol, 69, 327 

3-Methylthieno[3,2-d]pyrimidin-2,4-diones, 

66,236 

7- Methylthieno[2,3-d]pyrimidin-2(l/7)- 

4(3f/)-diones, 66, 236 
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4-Methylthieno[2,3-d]pyrimidine, oxidation 
to aldehyde, 66, 219 
6-Methylthieno[2,3-d]pyrimidine, 

preparation and Reissert reactions, 66, 
229 

Reissert reaction, 65, 252, 

2-Methylthieno[3,2-d]pyrimidines, reaction 
with furfural, 65, 259 

2- Methylthieno[2,3-d]]pyrimidin-4(3fJ)-one, 

66, 208 

reaction with aromatic aldehydes, 65, 251 

3- Methylthieno[2,3-d]]pyrimidin-2(3//)- 

ones, 65, 243, 66, 209, 66, 212 

2-Methylthieno[6]tropolone, photochemical 
[4+2]cyclisation, 66, 329 
4(and 8-)Methylthieno[6]tropones, 64, 94 
Methyl 3-(thien-2-yl)amino-2-cyano-3- 
methylthioacrylates, 66, 200 
W-Methyl-3-thioacetyIpyrrole, alkylation and 
Diels-Alder reaction, 63, 361 
a-Methylthio amide, Purmnerer-type 
rearrangement, 69, 33 
4(N-Methylthioamido)tetrathiafulvalene, 

62, 279 

2-Methylthio-3-arylthienopyrimido-4-imines, 
65, 243 

4- Methylthiobutan-l-ol, reaction with 

chlorpurine, 69,156 

2-Methylthio-6,7-dihydro-4W-pyrimido 

[6,l-a]isoquinoline-4-ones, reaction with 
amines 70, 44 

Methylthiodihydropyrrolidium salts, reaction 
with magnesium salt of monoethyl 
malonate, 67, 212 

2- Methylthio-9,10-dimethoxy-6,7-dihydro- 

4/7-pyrimido[6,l-a]isoquinoline-4-ones, 
reaction with Raney nickel 70, 46 
l-Methylthio-4,4a, 5,6,7,8-hexahydro-3tf- 
pyrido[1,2-a]pyrimidine, condensation 
with anthranilic acids, 70, 52 

3- Methyl-2-thiohydantoin, by hydrolysis of 5- 

amino-2-mercapto-l-methylimidazole, 
61, 32 

4- Methylthio-l-hydroxymethyl-9,10- 

dimethoxy-l,6,7,116-tetrahydro-2//- 
[l,3]oxazino[4,3-a]isoquinolinium 
iodide, 70, 38 

Methylthio-5-iodopyrimidines, coupling with 
methyl acrylate, 62, 309 
6-Methylthiopurines, Ni catalysed 

substitution by Grignard reagents, 62, 
385 


6-Methylthiopurine nucleosides, Ni catalysed 
substitution by Grignard reagents, 62, 
386 

Methylthiopyrazoles, 67, 253 

2- Methylthiopyridine, Ni catalysed reaction 

with phenylmagnesium bromide, 62,384 
4-(Methylthio)pyrido[l,2-a]pyrimidinium 
iodide, 63, 205 

3- Methylthiopyrido[2,3-e][l,2,4]triazine, 

preparation from 2-amino-3- 
hydrazinopyiridine,61, 214 

4- Methylthiopyrimidines, 67, 311 

3- Methylthiopyrrolidinone, formation, 69,33 

4- Methylthio-7-(/3-D- 

ribofuranosyl)thieno[3,2-d]]pyrimidine, 
66, 251 

4-Methylthio-7-(/3-D- 

ribofuranosyl)thieno[3,4-d]]pyrimidine, 
reactions, 66, 269 

1- Methylthio-4,4a,5,10-tetrahydro-3//- 

[l,3]thiazino[3,4-6]isoquinolinium 
iodide, 70, 40 

2- (and 4-)Methylthiothieno[3,2-d] 

pyrimidine, 66, 252 

5(and 6)-Methyl-2-thiouracil, Pd(0) catalysed 
allylation, 66, 111 

2-Methyl-5,6-di-p-tolylimidazo[2,l-b] 
thiazole-3(2//)-one, 69, 283 
2-Methyl-l-tosylindole, 69, 29 
Methyl-5-0-tosyl-2,3-0-isopropylidene-/3-D- 
ribofuranoside, reaction with adenine, 
68,76 

2- Methyl-l-tosylpyrrole, 69, 28 

3- Methyl[l,2,4]triazino[4,3-a]]permidin- 

4(l//)one, 61, 265 

4- Methyl-l,2,4-triazoline-3,5-dione, 67,121 
reaction with vinylsulfoxyallenes, 67,123 
reaction with cyclooctatetraene and iron 

tricarbonyl, 67,128 
reaction with naphthalene and 
phenanthrene,67, 130 
irradiation in benzene, 67, 130 
reaction with adamantanone azine and 
diaryl acetylenes, 67, 164 
reaction with pyrido[l,2-a]]azepinone, 67, 
164 

reaction with 3-methylimidazo[l,2-a] 
pyridines, 67, 165 

reaction with vinylcyclopropenes, 67, 169 
oxidation of (3-phenyl-2- 

propynyl)hydrazine, 67, 171 
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nucleophilic addition to V-methylpyrrole, 
67, 174 

Michael reaction with 1-acetylimidazo 
[l,5-a]]pyridine, 67,175 
Methyl-2,3,4-tri-O-benzyl-a-D- 
glucopyranoside, precursor of 
acyclonucleosides, 68, 47 
6-Methyl-3,9,9-tribromopyrido[l,2-n]] 
pyrimidin-4-one,63, 189 

2- Methyl-4-trifluoromethylthieno[2,3-d]] 

pyrimidine, 66, 226 

3- Methyl-2-[iV-(2,4,6-trimethylphenyl 

imino)-2,3,6,7-tetrahydro-4//- 
pyrimido[6,l-a]isoquino!in-4-one, 'H 
NMR spectra and conformations, 70,29 
Methyl trimethylsilyldiazoacetate, 
decomposition in presence of 
benzaldehyde and dimethyl fumarate, 
65, 148 

1- Methyltryptamine, reaction with 1- 

chlorobut-l-en-3-one, 67, 232 
6-Methyluracil, Pd(0) catalysed allylation, 
66,107 

2- Methyl-3-vinylbenzo[6]thiophene, reaction 

with tetracyanoethylene, 63, 380 

3- Methyl-2-vinylbenzo[6]thiophene, reaction 

with tetracyanoethylene, 63, 380 

1- Methyl-2-vinylindole, dimerisation, 63, 

350 

2- (2-Methylvinyl)indole, Diels-Alder 

reaction, 63, 377 

l-(l-Methyl-2-vinylindol-3-yl)-4-phenyl- 
l,2,4-triazolidine-3,5-dione, 63, 384 

3- Methyl-5-vinylisoxazole, reaction with 

dienophiles, 63, 382 

Methyl vinyl ketone, Pd catalysed reaction 
with anilines, 67, 214 
jV-Methyl-2-vinylpyrrole, reaction with 
dimethyl acetylene dicarboxylate, 63, 
344 

reaction with methyl propiolate, 63, 345 
Diels-Alder reactions, 63, 360 
reaction with diethyl azidodicarboxylate, 
63, 383 

Metronidazole- see l-(2'-hydroxyethyl)-2- 
methyl-4-nitroimidazole 
Micrococcins, 67, 25 
Mitomycin, 64,173 
analogs, 65, 8 

Mitosene, synthesis, 67, 235 


Mixed l,3,2,4-/l,2,3,5-dithiadiazolylium salts, 
62, 236 

sequential heterocylic ring synthesis, 62, 
236 

X-ray diffraction, 62, 237 
physical properties, 62, 237 
D-Monalumazine, 70, 275 
D-Monapterin, see 2-ammo-6-(o-threo- 
tetritol-l-yl)pteridin-4-one 
L-Monapterin, see 2-amino-6-(i -t/ireo- 
tetritol-l-yl)pteridin-4-one 
(-)and(+)-Monoacetate of cis-cyclopent-2- 
ene-l,4-diol, Pd(0) catalysed allylation, 
66, 121-3 

2-Monoaroylcoumaran-3-ones, synthesis, 

69, 20 

Monoazanaphthoquinone, 61,149 
reactions, 61,152 
spectra, 61,154 

Mono-l,3,2,4-dithiadiazolylium salts, 62,195 
Monoformyltetraselenotetrafulvalene, 62, 
293 

1- Monomethyl ester of (2e,4z)-3,2,4- 

hexadienedioic acid, ring chain 
tautomerism, 66, 59 
(±)-Monomorine, 65, 129 
(±)-Monomorine I, synthesis, 69,122 
Monosaccharide acylhydrazones, 

preparation of 1,3,4-oxadiazole acyclo C- 
nucleosides, 68, 333 

2- Monosubstituted oxanes, calculated 

conformation equilibria, 69, 225 
1 -Morpholinocyclohexene, cycloaddition 
with isocyanates, 69, 385 
2-(N-Morpholino)-l,4-naphthoquinone, 
reaction with dimethyl acetylene 
dicarboxylate, 65, 7 

Morpholinones via carbene reactions, 65,189 
MTAD see 4-methyl-l,2,4-triazoline-3,5- 
dione 

Multi-1,2,3,5-dithiadiazolyl radicals, 62, 222, 
62, 239 

X-ray structure, 62, 223 
electron spin resonance spectra, 62, 223 
magnetic susceptibility, 62, 226 
conductivity, 62, 227 
electronic properties, 62„ 240 
l,2,3,5-/l,3,2,4-Multidithiadiazolyl radicals, 
62, 239 

electronic properties, 62, 240 
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Multi-l,2,3,5-dithiadiazolylium salts, 62,195 
from amidines and sulfur dichloride,62,220 
from nitriles and ammonium chloride- 
sulfur dichloride, 62, 220 
anionic metathesis, 62, 221 
electrochemistry, 62, 221 
X-ray structure, 62, 222 
Multi-1,3,2,4-dithiazolylium salts- 
preparation from multi-cyano 
compounds and dithianitronium salts, 
62, 227 

initiators in polymerisations, 62, 228 
metathesis, 62, 228 
addition reactions, 62, 228 
electrochemistry, 62, 229 
X-ray diffraction, 62, 229 
Multi-l,3,2,4-dithiazolyl radicals, 62, 229 
X-ray diffraction, 62,232 
electron spin resonance spectroscopy, 62, 
233 

electronic properties, 62,233 
oxidation, 62, 235 
rearrangement, 62, 235 
(-l-)Muscarine, 65, 138 
Muscopyridine, preparation from 2,6- 
dichloropyridine, 62, 387 
(±)-Myrtine, synthesis, 67, 286 
Myxothiazole, 67, 35 


Naphthaleno[h][l,7]phenanthrolines, 70,103 
Naphth[2,3-6]imidazo[2,l-6]thiazole-5,10- 
dienones, 69, 287 

Napth[2,3-c]]isoxazoloquinone, 67, 251 
Naphtho[2,l-h]furan-2(l«,)-spiro-l';-(2//)- 
naphthalene-2';-ones, synthesis, 69,25 
2-Naphthol, condensation with 5- 
aminoquinolines, 70,103 
Naphtho[2,l-6][l,8]phenanthrolines, 70, 110 
Naphtho[l,2-6]jtellurachromanone, 63, 20 

3,5-Naphtho-l-telluracyclohexane, 63, 4 
Naphthothiophenes, 65, 62 
/3-Naphthylamine, oxidation, 69, 57 
N-a-Naphthyldiazoacetamide, 
decomposition, 65, 122 

1- Naphthyl isocyanates, starting materials for 

the synthesis of benzo[c]phenanthridine 
alkaloids, 67, 369 

2- Naphthylthieno[2,3-d]]pyrimidines, 66,215 


1- (1-Naphthyl)-1,2,3-triazoles, photolysis, 

65,123 

Naphthyridines, from enaminones derived 
from aminopyridines, 67, 297 

1.5- Naphthyridines,65, 51; 67, 297 

1.6- Naphthyridines, 68, 190 

1.8- Naphthyridines, preparation from 417- 

pyrido[l ,2-n]]pyrimidin-4-ones, 63, 120, 

67, 297 

7.8- Naphthyridine-2,4-diols, 63, 231 

1.6- Naphthyridones, 67, 297 
Necatorone, 70, 123 

Nemertelline, neurotoxin isolated from sea 
worms, 67, 52 

Neoacrimarines C and D, 70, 127 
Neoamphimedine, 70,108 
Neocalliactine acetate, synthesis, 70,120 
D-Neolumazine, 70, 275 
D-Neopterin, see 2-amino-6-(D-eryr/jro- 
tetritol-l-yl)pteridin-4-one 
L-Neopterin, see 2-amino-6-( L-ery f/j ro- 
tetritol-l-yl)pteridin-4-one 
Neplanocins, antitumor agents, 69, 157 
Ninhydrin- product with 1,3-dicarbonyls, ring 
chain tautomerism, 66, 62 
Nitidine, 67, 345 

activity against P388 and L1210 cell lines, 
67,347 

antimalarial activity, 67, 348 
synthesis, 67, 350 67, 365; 67, 383 
3-Nitro-5-(alditol-l-yl)pyrroles, preparation, 

68, 255 

Nitroalkenes, Michael reaction with 
enaminones, 67, 226 

o-Nitroaniline, oxidative cyclisation, 69, 43 

2- Nitro-r-anilines, conversion to 

benzimidazole-yV-oxides, 65,14 
7-Nitroanthranil, reaction with hydrazine 
hydrate, 67, 26 

1- Nitroanthroquinone, reaction with 

o-phenylenediamine, 70, 107 

2- Nitro-4-azidocarbonylphenypyrrolidine, 

thermolysis, 65, 29 

O-Nitrobenzaldehyde azine, reduction by 
triethyl phosphite, 67, 26 

3- Nitrochromone, reaction with 

diazoalkanes, 65, 321 

3-Nitrocoumarin, reaction with 
diazomethane, 65, 319 
l-Nitro-l,2-dideoxyhept-l-enitol, in synthesis 
of pyrazoles, 67,425 



CUMULATIVE SUBJECT INDEX, VOLUMES 61-70 


465 


1- Nitro-6,6a, 7,8,9,10-hexahydro-5//- 

pyrido[l,2-c][l,2,3]thiazolo[l,5-a] 
pyrimidine, 70, 52 
9-Nitro-2-hydroxy-4-oxo-4//-pyrido 
[l,2-a]]pyrimidine-3-carboxylate- 
reaction, 63, 175 
reduction, 63, 177 

3- Nitro-9-hydroxy-4/7-pyrido 

[l,2-a]]pyrimidin-4-ones, nitration, 63, 
206 

2- Nitroimidazole, preparation of 

acyclonucleosides, 69, 144 
4(5)-Nitroimidazoles, Pd(0) catalysed 
allylation, 66, 90 

reduction to 4(5)-aminoimidazoles, 61, 7 
reduction by palladium charcoal, 61, 8 
reduction by stannous chloride or catalysis 
in acetic anhydride, 61,12 

5- (6)-Nitroimidazole, Pd(0) catalysed 

alkylation, 66, 93 

4- Nitro-5-imidazolecarboxylic acid as a 

source of 4-amino-5-imidazolecarboxylic 
acid, 61,10 

2- Nitroiodobenzene diacetate, oxidative 

cyclisation, 69, 47 

Nitromethane- C-anion reaction with 
pyrylium salts, 62, 58 
reaction with formaldehyde and amino 
acids, 64, 31 

8a-Nitromethyl-ar-octahydroquinazolinone, 
69, 387 

3- Nitro-2-methyI-4//-pyrido 

[l,2-a]]pyrimidin-4-ones, 63, 250 

3- Nitro-6-methyl-47/-pyrido[l,2-fl]] 

pyrimidin-4-one, 63, 188 
9-Nitro-4-oxo-l,6,7,8-tetrahydro 

[l,2-a]]pyrimidine-3-carboxylate, 63,214 
(p-Nitrophenyl)chlorodiazirine, flash 
photolysis, 65, 147 

4- (p-Nitrophenyl)-9,10-dimethoxy-6,7- 

dihydro-2/f-pyrido[6,l-<r]isoquinoline, 
reduction, 70, 43 

6- p-Nitrophenylimidazo[2,l-f>]thiazole, 

69, 291 

l-(p-Nitrophenyl)-3-methylperhydro 

[1.2-c][l,3]oxazines, ORD curves, 70, 8 
syn-2-(p-Nitrophenyl)octahydro-3-methyl- 
2/LI ,3-benzoxazines, conformations, 

69, 405 

anh-2-(p-Nitrophenyl)octahydro-3-methyl- 
2//-l,3-benzoxazines, conformations, 

69, 405 


2-Nitrophenylpyrrolidines, cyclisation, 65,15 
V-(2-Nitrophenyl)tetrahydroisoquinolines. 
conversion to annelated benzimidazole- 
V-oxidcs, 65, 14 

4- (4-Nitrophenyl)-1.2,4-triazoline-3,5-dione, 

67,121 

5- (4-Nitrophenyl)-2-vinylfuran, reaction with 

acetylene dicarboxylates, 63, 341 
reaction with methyl propiolate, 63, 341 

2- Nitropyrido[ 1,2-h ]cinnolinium-l 1 -olatc, 

reduction, 69,106 

3- Nitro-4//-pyrido[l,2-fl]]pyrimidin-4-ones, 

63,150 

reduction, 63,177 

Nitropyrrolo[h]tropolones, ring contraction 
to nitroindoles, 66, 369 
Nitrosoenaminones, from nitrosyl chloride 
and enaminones, 67, 258 
3-(V-Nitroso-2-piperidyl)propionic acid, 
reduction, 69,114 

Nitrosotropolone, reaction to anion, 66, 346 
reaction with ethylenediamine to give 
pyridazotropone, 66, 375 
reaction with bifunctional synthons, 64, 90 

5-Nitrouracils, dehydrative cyclisation to 6- 
substituted-3-methyl-7-azalumazines, 

61, 249 

preparation of acylconucleosides, 69,195 
2-(/3-Nitrovinyl)furan, reaction with ethyl 
acrylate, 63, 371 

/3-NitrovinylindoIes, Diels-Alder reactions, 
63, 363 

/3-Nitrovinyl-V-methypyrroles, Diels-Alder 
reactions, 63, 360 
Noracronycine, 70, 127 
(+) and (-)-5'-Noraristeromycin, 66,122 
Noravicine, synthesis, 67, 372 
Norbornadiene, reaction with thiazyl 
chloride, 62, 148 

cycloadditions with isocyanates, 69, 379 
cycloadditions with thiobenzoyl 
isocyanate, 69, 384 

diendo and diexo-Norbornane-fused-1,3- 
oxazines, 69, 354 

d/endo-Norbornane-fused quinazolinones, 

69, 390 

dtexo-Norbornane-fused quinazolinones, 

69, 390 

diendo and diexo-Norbornane-3-hydroxy-2- 
carboxamides, cyclisation, 69, 372 
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Norchelilutine, synthesis, 67, 366 
( + )-5'-Nor-2'-deoxyaristeromycin, 66, 122 
(-)-5'-Nor-2'-deoxyaristeromycin, 66, 122 
Nordercitin, 70, 116 
Norfagaronine, synthesis, 67, 372 
Nor-nitidine, synthesis, 67, 351; 67, 360; 

67, 372 

quaternisation to nitidine, 67, 351 
Norsanguilutine, synthesis, 67, 366 
Norsegoline, 70, 112 

l',2'-xeco-Nucleosides, synthesis, 67, 397, 

68, 1 

2' ,3'-seco-Nucleosides, 68, 1 
(-)-Nupharamine, synthesis, 69, 122 


Ocaperidone, X-ray diffraction study, 63,121 
synthesis, 63,198 

(2s,3R,4E)-2-Octadecanoylamino-4- 

octadecene-l,3-diol, synthesis via azide 
ring opening of cyclic sulfate, 68,159 
Octahydro-3,3'-bi-l,2-benzisoxazole, 67, 27 
Octahydrobenzophenanthroline, 70, 91 
Octahydro-277-1,3-benzoxazines, 
preparation, 69, 367 
conformations, 69, 404 
ds-Octahydro-277-3,l-benzoxazine-2-thione, 
X-ray structure, 69, 424 
Octahydrocarbazole, 67, 247 
Octahydrocarbazole-4-ones, 67, 246 
cis-fused Octahydro-177- 

cyclopentapyrimidine-2,4-diones, El 
mass spectra, 69, 446 
cw-Octahydro-3-hydroxymethy1-477-1,3- 
benzoxazin-4-one, X-ray structure, 

69, 430 

Octahydroimidazo[4,5-e]thiazolo[3,2-f>] 
[l,2,4]triazin-3,7-diones, 61, 306 
Octahydroindolo[2,3-a]quinolizines, 64, 61 
diexo-l,2,3,4,4a,5,8,8a-Octahydro-5,8- 
methano-3,l-benzoxazines, 
conformations, 69, 407 
(4aa,5a,8a,8aa)-Octahydro-5,8-methano- 
277-3,l-benzoxazine-2-thione, X-ray 
structure, 69, 428 

(4aa,5/3,8/3,8a«)-Octahydro-5,8-methano- 
277-3,l-benzoxazine-2-thione, X-ray 
structure, 69, 427 
ds-Octahydro-1 -methyl-277-3,1 - 

benzoxazine-2-thione. X-ray structure, 
69, 426 


di-A-fOctahydro-1-methyl-277-3,1- 

benzothiazin-2-ylidene)benzeneamine, 
X-ray structure, 69, 435 
cis-and trnns-Octohydro-277-3,1- 

benzoxazines, El fragmentation, 69, 444 
dx-Octahydro-3-methyl-277-3,l- 

benzoxazine-2-one, X-ray structure, 

69, 425 

cis-N-(Octahydro-l-methyl-2T7-3,l- 

benzoxazin-2-ylidene)benzeneamine, X- 
ray structure, 69, 426 
(2a,4aa,8a/3)-Octahydro-l-methyl- 

2-(4-nitrophenyl)-277-3,l-benzoxazine, 
X-ray structure, 69, 423 
(2a,4aa,8a/3)-Octahydro-2-(4-nitrophenyl)- 
277-3,1-benzoxazine, X-ray structure, 

69, 422 

(2a,4a/3,8a/3)-Octahydro-2-(4-nitrophenyl)- 
4(177)-quinazolinone, X-ray structure, 
69, 436 

(2a,4aa,8aa)-Octahydro-2-phenyl-477-3,l- 
benzoxazin-4-one, X-ray structure, 

69, 430 

(4a,4aa,5a,8a,8a/3)-Octahydro-4-phenyl-5,8- 
methano-277-3,l-benzoxazine-2-thione, 
X-ray structure, 69, 429 
cw-Octahydro-1 -pheny lme thyl-277-3,1- 
benzoxazine, X-ray structure, 69, 421 
Octahydroquinazolin-4-ones, conformations, 
69, 413 

cis and (rans-Octahydroquinazolin-4(177)- 
ones, synthesis, 69, 389 
Octahydroquino[3,2-a]acridine, 70, 97 
Octohydroquinolino[fc]quinoline, 70, 99 
manno-2-Octulosonic acid, preparation via 
cyclic sulfites, 68,138 

2-Octynylpyridines, from 2-bromopyridines 
and 1-octyn-l-ylzinc chloride, 62, 376 
Oligothiophenes, 67, 11 
Orellamine- see 3,3',4,4'-tetrahydroxy-2,2'- 
bipyridine bisA,A'-oxide 
Orelline, toxic constituent of mushrooms, 
67,52 

Orinapterin, see 2-amino-6-(L-r/ireo-l',2'- 
dihydroxypropyl)pteridin-4-one 
Otonecine, synthesis, 67, 325 
7-Oxabicyclo[2,2,l]heptanes, from 

diazodiketones and dimethyl acetylene 
dicarboxylate, 65, 205 
Oxabicyclo[2,2,l]hept-5-ene-2,3- 
dicarboxamide, 70, 172 
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9-Oxabicyclo[4,2,l ]nonanes, via tandem 
cyclisation/intermolecular 
cycloadditions, 65, 208 
from decomposition of diazoketones, 
65,214 

8-Oxabicyclo[3,2,1 Joctanes, from 

intramolecular reactions of carbenes 
from diazoketones and 1,4-dicarbonyl 
fragments, 65, 206 
via transannular cyclisation, 65, 215 
Oxabicyclooctene carboxylate, 65, 344 
Oxabicyclooctenones, 65, 325 
2-Oxa-l,4-butanediol diacetate, in nucleoside 
synthesis, 69,137 

1-Oxacepham via carbene reactions, 65, 188 

1,2-Oxachalcogenolium chloride, 63, 28 

1.3.5- Oxadiazinium salts, 64, 357 
reactions, 64, 359 

2//-1,3,4-Oxadiazin-2-ones from aroyl-a- 
(diazoacyl)hydrazines, 65,196 

1.2.5- Oxadiazole-lV-oxides, preparation, 
69,43 

1.3.4- Oxadiazoles, 64,194 

1.3.4- Oxadiazole acyclo C-nucleosides, 

68, 333 

1,3,4-Oxadiazole C-nucleosides, 68, 331 

1.3.4- Oxadiazole reverse C-nucleosides, 

68, 331 

[U,4]Oxadiazolo[5,4-d][l,5] 
benzothiazepines, 63, 82 

1.2.4- Oxadiazolo[2,3-6][l,3]oxazines, by 
cycloaddition of nitrile oxides with 
dihydrooxazines, 69, 454 

Oxadiazolothieno[2,3-4]pyrimidines, 66, 216 
V-(l,2,4-Oxadiazol-3-yl)-enaminone, 

reaction with sodium ethoxide, 67, 313 

1.2.3- Oxadiazol-4-yl C-nucleoside lactols, 
68,328 

1.2.4- Oxadiazol-5-yl C-nucleosides, 68, 329 
(Oxane-2-yl)methyl radicals, conformations, 

69, 229 

Oxanosine, analog synthesis, 69,137 
Oxapenams, 65,181 
A 5 -l,2-Oxaphosphetanes, 65, 173 

1.3- Oxaphospholanes, via addition of primary 

phosphines to a-oxides followed by 
reaction with ketones and aldehydes, 

61, 62 

1,3,2-Oxaphospholidines, 64,183 

1.3- Oxaphosphorinanes, via addition of 

primary phosphines to allyl alcohols 


followed by reaction with aldehydes and 
ketones, 61, 61 

l-Oxa-2-sila-3-cyclobutenes, 65,173 
from diazo(disilacyl)methylketones, 

65, 198 

l-Oxa-2-silacyclopentenes, from 
siloxyalkylidenecarbene, 65, 187 
Oxasilacyclopentenes, 65,187 
Oxaspiropentanes, 65,134 

1,2-Oxatellurolium chloride, 63, 29 

1,2-Oxatellurolium methanesulfonate, 63, 29 

1,2,3-Oxathiazole 2,2-dioxide, 68, 91 

1.2.3- Oxathiazole 2-oxide, 68, 91 
conformational study, 68, 91 

1.3.4- Oxathiazol-5-yl C-nucleosides, 68, 338 

1,4-Oxathiocines, loss of sulfur and 
oxygen, 65, 82 

from carbenoids and 2,5- 

dichlorothiophenes, 65,194 
Oxathioles, from carbenes and carbon-sulfur 
double bonds, 65,185 
Oxathiolotropothione, 64,119 

1.3- Oxathiones, from diazoketones and 

carbon disulfide, 65,185 
Oxatricyloalkanones, 65, 356 

1.3- Oxazepines, from pyrylium salts, 65, 307 

1.4- Oxazepines via rearrangement of 

dimorpholinocarbene, 65,194 

1.3- Oxazines, 64, 208 

l-(3 and 4-)Oxazines, via carbene reaction, 
65, 188 

1.3- Oxazine-2,6-dione-4-carboxylic acid, 

64,33 

1.3- Oxazine-2-thiones, 69, 364 
4/7-1,3-Oxazinium salts, 64, 347 

[1.3] Oxazino[4,3-<j]isoquinolin-2-ones, 70, 58 
hydrolysis, 70, 31 

Oxazinomycin, see 5-(/3-D-ribofuranosyl)-l,3- 
oxazine-2,4-dione, 

1.3- Oxazin-6-ones, 67, 306 
thermolysis, 67, 307 

from acylimidates and Meldrum's acid, 

67, 307 

1.3- Oxazin-4-onium salts, 64, 361 
Oxazino[6,5-e]pyrido[l,2-<i]pyrimidinone, 

63, 20 

[1.3] Oxazino[3,4-a]quinolin-3-ones, 70, 58 
hydrolysis, 70, 31 

1.3- Oxazin-6-yl acyclo C-nucleosides, 68,387 

1.3- Oxazin-5-yl carbocyclic C-nucleosides, 

68, 387 
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1.2- Oxazin-3-yl C-nucleoside, 68, 384 

1.3- Oxazin-2-yl C-nuclosides, 68, 387 
Oxaziridines, 64, 183 
Oxazofurin, see 4-carboxamido-2-/3- 

ribofuranosyloxazole 

1.3- Oxazolidines, equilbrium constants in 

ring chain tautomerism, 66,13 
Oxazolidines, ring chain tautomerism by solid 
state nmr, 66, 8 
Oxazolidin-4-ones, 67, 249 
ipira-Oxazolidin-4-ones, 67,249 
Oxazolidin-5-ones, 67, 249 
thermolysis, 67, 306 
Oxazolines, 65, 181 
Oxazolin-5-yl acyc/o-C-nucleosides, 
preparation, 68, 305 

Oxazolium tropylium salt, condensation with 
benzothiazolium salts, 66, 361 

1.3- Oxazolo[2,3-h][l,3]benzoxazinones, 

64,57 

1.3- Oxazol-2-one, 64,190 

1.3- Oxazol-5-ones, 64, 190 
Oxazolo[5,4-d]pyrido[l,2-a]pyrimidinone, 

63,201 

7 //-Oxazolo[5,4:3,4]pyrido[l,2-a]pyrimidin- 
4-one, 63, 207 

Oxazolo[3,2-c]pyrimidines, 64, 48 
Oxazolotropones, mass spectra, 66, 305 
Oxazolo[4,5-6]tropones, 64,109 
Oxazolo[5,4-6]tropones, 64,107 
Oxazolotropylium salts, reaction with amines, 
66, 383 

1.3- Oxazol-2-thiones, 64,191 
Oxazol-5-yl acyclo C-nucleosides, 

preparation, 68, 305 

2-Oxazolyl acyclo C-nucleosides, 
preparation, 68, 301 

4- Oxazolyl acyclo C-nucleosides, 

preparation, 68, 302 

2-Oxazolyl carbocyclic C-nucleosides, 68,300 

5- Oxazolyl homo C-nucleosides, 68, 299 

2-Oxazolyl C-nucleosides, preparations, 

68, 297 

(s )-4-Oxazolyl reverse C-nucleosides, 
preparation, 68, 300 

Oxecephams, by radical reactions, 65,199 

1.2- Ox-4-enes, ring inversion, 69, 259 

1.3- Ox-4-enes, ring inversion, 69, 259 

1.4- Ox-4-enes, ring inversion, 69, 259 
Oxepines, from pyrylium salts and 

diazoalkanes, 65, 292 


Oxepino[2,3-d]isoxazoles, 65, 160 
Oxepinotropones, 64, 115 
NMR spectra, 66, 293 
UV spectra, 66, 299 
reaction with hydrazine, 66, 335 
Oxepinotropylium ions, aromaticity, 66, 323 
intermediate in reaction of 

oxepinotropones with malononitrile, 
66,343 

ring contraction, 66, 388 
4-Oxidopyrido[ 1,2-i>]pyridazinium 
zwitterions, 69, 116 

3-Oxidopyrylium salts, reaction with electron 
deficient dipolarophiles, 65, 355 
Oximinophenols, oxidation to spiro- 
isoxazoles, 69, 41 
Oxindoles, 65,122 

0-(3-Oxoacyl)hydroxylamines, ring chain 
tautomerism, 64, 292 

3-Oxoaldehyde-dioximes, ring chain 
tautomerism, 66, 21 

3- Oxoaldehyde monothioacylhydrazones, 

ring chain tautomerism, 66, 46 
/V-(3-Oxoalkyl)-/V'-acylhydrazines, ring 
chain tautomerism, 64, 293 
/V-(3-Oxoalkyl)thioureas, ring chain 
tautomerism, 64, 292 
2-Oxo-4-amino-l,3,4,6,7,116-2-//- 

pyrimido[6,l-a]iosquinolines, 70, 68 
9-Oxo-benzo[6]cyclohept[e][l,4]oxazinone, 
64,89 

4- Oxo-4 //-1-benzopyrans, reaction with 

cuprates, 65, 302 
oxidation, 69, 72 

2-Oxo-l,2’-bibenzimidazole, from 2- 
chlorobenzimidazole, 67,37 

4-(and 5)-Oxocarboxylic acids, ring chain 
tautomerism, 66, 62 

4-Oxochromene-3-carbaldehydes, cyclisation 
with bisnucleophiles, 65, 185 
4-(2’-Oxocycloalkyl)-3,4-dihydro-3-methyl- 
2//-l,3-benzoxazin-2-ones, 69, 363 
2-Oxo-l -cyclohexanecarboxamide, reaction 
with aldehydes, 69, 391 

2- Oxo-l,4,4a,5,8,8a-decahydro-5,8-methano- 

2//-3,l-benzoxazines, El fragmentation, 
69,442 

Oxodiazolidine, annelation to /3-lactams, 

65,181 

3- Oxo-3,4-dihydro-2 //-1-benzpyrans, 65,156 
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1 -Oxo-dihydro-de-iV-methylacronycine, 

70,127 

2-Oxo-3,4-dihydro-27/-pyrido[l,2-a] 
pyrimidines, 63, 165 

2- Oxo-2,5-dihydropyrido[l,2-6][l,2,4] 

triazine-4-oxide, synthesis, 61, 211 

1- Oxo-3,6-dihydro-l,2-thiazines, 

rearrangement, 64, 345 
Oxoformycin B, 70, 235 

3- ara-Oxoformycin B, 70, 236 
Oxoformycin, see 7-amino-3-/3-D- 

ribofuranosylpyrazolo[4,3-d]pyrimidin- 

5-one 

2- Oxoglutaric acid, ring chain tautomerism, 

64, 259 

d;encfo-2-Oxo-l,4,4a,5,8,8fl-hexahydro-5,8- 
methano-3,l-benzoxazines, 
conformations, 69, 412 
diendo -and diexo-fused-4-Oxo-4a,5,6,7,8,8a- 
hexahydro-177-5,8-methanoquinazoline- 
2-thiones, conformations, 69, 416 
2-Oxo-l,3,4,6,7,llt>-hexahydro-277- 

pyrimido[6,l-a]isoquinolines, 13 C NMR 
spectra and conformations, 70, 30 
reduction, 70, 42 

1- Oxo-2,3,4,4a,5,6-hexahydro-177- 

pyrimido[6,l-n]quinolines, reduction, 

70, 42 

4- Oxoisoxazolo[5,4-6]pyridines, via 

enaminones, 67, 293 
trans-da, 5-77-8-0x0-5- 

methylperhydropyrido[l ,2-6] [ 1,2] 
oxazines, conformation, 69, 92 

2- Oxooctahydro-277-l,3-benzoxazines, 

conformations, 69, 410 
2-Oxooctahydro-277-3,l-benzoxazines, 
conformations, 69, 410 
fragmentation, 69, 441 
(fendo-2-Oxooctahydro-5,8-methano-l,3- 
benzoxazines, conformations, 69, 412 
d/emfo-2-Oxooctahydro-5,8-methano-3,l- 
benzoxazines, conformations, 69, 412 

2- Oxooctahydro-5,8-methano-2/7-3,l- 

benzoxazines, El fragmentation, 69, 442 

3- Oxo-2-oxabicyclo[2,2,2]oct-5-enes, 65, 334 

6-Oxo-6//-l, 3-oxazin-3-ium-4-olate, 

cycloaddition, 63, 141 

2-Oxoperhydropyrido[l ,2-6]pyridazine, pK a 
values, 69, 93 

l-Oxoperhydropyrido[l,2-n]pyrimidine-8- 
carboxylates, 70, 73 


5-Oxoperhydro-l,4-thiazine-3-carboxylic 
acid, 64, 34 

5- Oxopipecolic acids, 65, 126 
0-(3-Oxopropyl)-iV-benzoylhydroxylamine, 

ring chain tautomerism, 64, 292 

7-Oxopyrido[3,2,l-4/']cinnoline-8- 
carboxylates, 69,115 
hydrolysis, 69, 106 
7-Oxopyrido[3,2,l-y]cinnoline-3,3,8- 
tricarboxylates, 69, 117 
ll-Oxopyrido[l,2-6]cinnolin-6-ium 
hydroxide inner salts, 69, 121 

1- Oxopyrido[l,2-c][l,3]oxazinium chloride, 

70, 56 

2- Oxo-277-pyrido[l,2-a]pyrimidine, spectra, 

63, 109 

4-Oxo-47/-pyrido[l,2-a]pyrimidines, 
biological activities, 63, 104 
stereochemistry, 63, 82 
spectra, 63,109 

4-Oxo-477-pyrido[l,2-a]pyrimidine-3-acetic 
acid, 63,146 

4-Oxo-477-pyrido[l,2-a]pyrimidine-3- 
carboxylic acids, zinc and silver 
coordination equilibria, 63,106 
mass spectra, 63,121 
preparation, 63,144 
by hydrolysis of esters, 63,193 
conversion to amides, 63,194 
4-Oxo-477-pyrido[l,2-a]pyrimidine-7- 
carboxylates, 63, 207 

6- Oxo-677-pyrido[l,2-a]pyrimidine-7- 

carboxylate, 63,159 

6- Oxo-677-pyrido[l,2-a]pyrimidine-8- 

carboxylate, 63, 162 
(6-Oxo-677-pyrido[l,2-n]pyrimidin-7- 
yl)acrylate, 63, 162 

2(2-Oxo-277-pyrido[l,2-u]pyrimidin-3-yl)- 
3,4-dihydroquinoxalin-2-one, 63,128 
(E)-3-(2-Oxo-277-pyridoIl,2-a]pyrimidin-4- 
yl)prop-2-enoate, 63, 127 
4-Oxo-l,3-pyridothiazines, 66, 162 

1- Oxopyrido[l,2-7>][l,2]thiazine, 69, 113 

2- Oxopyrimidines, 67, 311 
4-Oxo-pyrimidine-5-carboxylates, reaction 

with methyl 2-mercaptoacetate, 66, 217 
(R)-5-Oxopyrrolidine-2-carboxylic acid, 64,6 

7- Oxoquino[8,7-6][l,10]phenanthroline, 

70, 106 

2-Oxo-4-substituted-l,3,4,6,7,116-2-77- 
pyrimido[6,l-a]iosquinolines, 70, 68 
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2-Oxo-tetrahydrocarbazoles, formation, 

67, 246 

4-Oxo-tetrahydrocarbazoles, formation, 

67, 246 

4-Oxo-4,5,6,7-tetrahydro-6,6-dimethyl-l,3- 
benzoxathiole-2-thione, 65, 185 

6- Oxo-5,6,7,8-tetrahydroflavone, in 

preparation of pyrano[3,2-a]acridines, 
70, 137 

7- Oxo-5,6,7,8-tetrahydroflavone, 

condensation with ethyl anthranilate, 
70,125 

in synthesis of pyranoacridines, 70,139 
4-Oxo-4,5,6,7-tetrahydroindoles, 70,139 
7-Oxo-l,2,3,7-tetrahydropyrido[3,2,l-i,/] 
cinnoline-8-carboxylates, N-alkylation, 
69, 101 

6-Oxo-1,2,3,4-tetrahydro-6/7-pyrido[ 1,2-a \ 
pyrimidine-9-alkanoate, 63,163 

2- Oxo-27/-6,7,8,9-tetrahydropyrido[l,2-a] 

pyrimidines, 63,132 

4-Oxo-47/-6,7,8,9-tetrahydropyrido[l,2-o] 
pyrimidines, 63, 132 

4-Oxo-6,7,8,9-tetrahydro-477-pyrido[l,2-o] 
pyrimidine-3-acetates (and 
carboxylates), conformational analysis, 
63,112 

6-Oxo-2,3,4,6-tetrahydro[l,2,4]triazino 
[5,6-c]isoquinoline-3-thione, 61, 231 

3- Oxo-2,3,4,10-tetrahydro[l,2,4]triazino 

[5,6-6]quinoline, 61, 224 

4- (Oxothieno[3,2-d]pyrimidin-2- 

ylidene)acetates, 66, 242 
2-Oxo-4-thiono-l ,2,3,4- 

tetrahydroquinazolinedione, precursor 
of triazinoquinolines, 61, 267 
2-Oxo-4-thiopyrimidine-5-carbonitrile, 
reaction with methyl chloroacetate, 

66, 218 

4-Oxo-2-thioxopyrazolo[l ,5-a]l,3,5-triazin- 

3-yl C-nucleosides, 70, 302 
2-Oxo-4-thioxo-l,3,4,6,7,l 16-2-77- 

pyrimido[6,l-a]iosquinolines, 70, 64, 68 

4-Oxo-2-thioxothieno[3,2-d]pyrimidines, 

65, 258 

6-Oxo-2,3n,6a-triazephenalene-3-thione, 

63, 229 

cis and trans- 2-Oxo-2-(2- 

vinylcyclopropyl)acetates, 65,160 
l-Oxo-3-vinylperhydropyrido[l,2-c][l,3] 
oxazine-4-carboxylate, rearrangement, 
70,38 


2,3,7,8-Oxygenated 

benzo[c]phenanthridines, synthesis, 

67, 376 

2.3.7.8- Oxygenated benzo[c]phenanthridin- 
6-ones, synthesis, 67, 379 

2.3.8.9- Oxygenated benzo[c]phenanthridin- 
6-ones, synthesis, 67, 379 

5-Oxygenated indoles, synthesis, 69, 33 
Oxynitidine, synthesis, 67,367; 67,382; 67,385 


Palladium(U) catalysis for alkenyl 

substitution, 62, 307 Pantherinine, 70, 
112 

Pelletierine.V-formylation, 67, 286 Penams, 
ring expansion, 69, 78 
Penciclovir, see 9-[4-hydroxy-3- 
(hydroxymethyl)-butyl]guanine 
9-(D-mawio-Pentitol-l-yl)acridine-l,8-dione, 
70, 210 

3-(d marmo-Penitol-l-yl)indoles, cyclisation, 
70, 168 

2-(d ga/acfo-Penitol-l-yl)indol-4-one, 
dehydrative cyclisation, 70,168 
2-(D-/nawio-Penitol-l-yl)pyrrole, 68, 254 
use in synthesis of 2-(a-D- 

arabinopyranosyl)pyrroles, 68, 247 
2-D-g/nco-Penitol-l-yl)pyrroles, use in 
synthesis of 2-(a-D- 
arabinofuranosyljpyrroles, 68, 247 
2-(D-g/uco-Penitol-l-yl)-4,5,6,7- 

tetrahydroindol-4-one, acid catalysed 
cyclodehydration, 70,167 
2-(D-ma/M0-Penitol-l-yl)-4,5,6,7- 

tetrahydroindol-4-one, acid catalysed 
cyclodehydration, 70,167 
2-(Penta-0-acetylpentitol-l-yl)-l- 

nitroethene, 1,3-dipolar cycloadditions, 
68, 258 

2-(Penta-0-acetyl-D-g/uco-pentitol-l- 
yl)pyrimido[4,5-d]pyrimidine, 70, 262 
l,3,3,4,5-Pentamethyl(2//)l,2,4-triazolidine, 
lack of ring chain tautomerism, 66, 28 
Pentane-2,4-dione, condensation product 
with thiosemicarbazide- ring chain 
tautomerism, 64, 304 
condensation product with 

benzamidrazinium iodides, ring chain 
tautomerism, 64, 304 
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Pentane-2,4-dione 2,4- 

dimethylthiosemicarbazone, ring chain 
tautomerism, 66, 26 
Pentane-2,4-dione 2-methyl (and 2,4- 

dimethyl)thiosemicarbazones, ring chain 
tautomerism, 66, 53 
Pentane-2,4-dione 

monothiobenzoylhydrazone, ring chain 
tautomerism, 66, 46 
Pentane-2,4-dione oxime 

thiobenzoylhydrazone, ring chain 
tautomerism, 66, 49 

Pentane-2,4-dione reaction product with 4- 
phenylsemicarbazide, ring chain 
tautomerism, 66, 38 

reaction product with aminoguanidinium 
nitrate, ring chain tautomerism, 66,38 
reaction product with benzamidrazonium 
iodide, ring chain tautomerism, 66, 38 
Pentane-2,4-dione 

thiophenylacetylhydrazone, ring chain 
tautomerism, 66, 49 

4-Pentenoic acid, conversion to lactones, 
69,27 

4-(D-ga/acto-Pentitol-l-yl)-2-phenyl-l,2,3- 
triazole, intramolecular 
cyclodehydration, 68, 319 
3-(D-Pentitol-l-yl)pyrazoles, acid-catalysed 
cyclodehydration, 68, 265 
2-(Pentitol-l-yl)-pyridines, dehydrative 
cyclisation, 68, 346 

2- (D-ga/acfo-Pentitol-l-yl)pyrroles, precursor 

to 2(a-and /3-/yxo-pyranosyl)pyrroles, 
68, 247 

Pentodialdofuranose 4- 

nitrophenylhydrazones, reaction with 
reactive alkenes, 68, 272 

3- (Pentofuranosyl)pyrazoles, preparation, 

68, 265 

2-(j3-D-Pentopyranosyl)imidazo[4,5-6] 
pyridines, preparation, 70, 201 
Pentostatin, acyclonucleoside analogue, 69, 
133 

4- V-Pentylproline, 64, 10 
2-(4-Pentynyl)-5-phenylpyrimidine, 

cyclisation, 63, 126 

Perchlorocyclobutanone, nucleophilic 
reaction with amines to enaminones, 

67, 217 

Perfluoroalkenes, reaction with 1,3- 

dicarbonylenolates to give fluorinated 
2H-pyrans, 62, 28 


Perfluoroalkyl biphenylylsulfides, 64, 324 
(Perfluoroalkyl)dibenzotellurophenium salts, 
nitration, 64, 327 
sulfonation, 64, 328 
spectra, 64, 329 
S-(and Se)- 

(Perfluoroalkyl)dibenzothiophenium 
salts, 64, 326 
thermolysis, 64, 328 
sulfonation, 64, 328 
nitration, 64, 327 
properties, 64, 328 
spectra, 64, 329 
5-Perfluoroalkyl-l-methyI-2- 

ethoxycarbonylpyrrolidin-3-ones, 64, 10 
Perfluoro-3-diazopentane-2,5-dione, 
photolysis, 65, 152 

(Perfluoroisopropylidene)thiocarboxamides, 
69, 383 

Perhydroazulenes, 65, 356 
Perhydro-3,l-benzothiazine-2-thiones, 69, 
381 

3.1- Perhydrobenzoxazine, synthesis, 69, 353, 

359 

Perhydrobenzoxazines, ring chain 
tautomerism, 66,12 

3.1- Perhydrobenzoxazine-2,4-diones, 

synthesis, 69, 373 

l,3-Perhydrobenzoxazin-2-ones, 69, 363 
cis -or tram-3,l-Perhydrobenzoxazine-2- 

thione, ring opening with methyl iodide, 
69, 452 

Perhydrocyclopenta[e?]thiazine-2-thione, 69, 
381 

(-)-Perhydrohistrionicotoxin, synthesis, 67, 
275; 67, 276 

2-(tram-Perhydroisoquinolin-3-yl)ethyl 
propionate, from hydrolysis of 
oxazinoisoquinolines, 70, 31 
Perhydro-l,3,4-oxadiazines, ring chain 
tautomerism, 66, 17 
Perhydro[3,2,1 -i;][3,l Joxazines, 
conformations, 70, 9 
(+)-cts-4a,5a-tf-Perhydro[l,3]oxazino 
[3,4-6]isoquinoline, NMR and 
conformations, 70, 12 
(-)-ds-4a,9a-//-Perhydro[ 1,3]oxazino 
[3,4-6]isoquinoline, NMR and 
conformations, 70, 12 
r-4,a, c-5a, t-9«-7/-Perhydro[ 1,3 joxazino 
[3,4-6]isoquinolines, protonation 
constants, 70, 6 
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r-4 a, t-5o, c-9a-J/-Perhydro[l ,3]oxazino 
[3,4-6]isoquinolines, protonation 
constants, 70, 6 

Perhydropyrido [ 1,2-c] [ 1,3]benzoxazines, 
theoretical conformational study, 70, 6 
r-4a, c-11 a, c-11 i-Perhy dropyrido[l ,2-c] 

[l,3]benzoxazines, theoretical 
conformational study, 70, 7 
r-4a,t-lla,t-116-Perhydropyrido[l,2-c] 

[l,3]benzoxazines, theoretical 
conformational study, 70, 7 
Bohlmann bands and conformation, 70, 9 
r-4a,c-lla,t-116-Perhydropyrido[l,2-c] 

[l,3]benzoxazines, theoretical 
conformational study, 70, 7 
r-4a, t-lla,c-l 16-Perhydropyrido[l,2-c] 

[l,3]benzoxazines, theoretical 
conformational study, 70, 7 
Perhydropyrido[l,2-f>][l,2]oxazines, 

reductive N-O bond cleavage, 69, 96 
Perhydropyrido[l,2-c][13]oxazine, dipole 
moments, 70, 8 

theoretical conformational study, 70, 6 
infrared spectra, 70, 8 
*H NMR spectra, 70, 9 
15 N NMR spectra, 70,17 
hydrolysis, 70, 31 

Perhydropyrido[l,2-6][l,2]oxazin-8-ones, 
synthesis, 69, 97 

Perhydropyrido[l ,2-f>]pyridazine, 69, 99 
pK a values, 69, 93 
alkylation and acylation, 69,101 
reaction with isocyanates, 69,101 
Perhydropyrido[l,2-6]pyridazin-2-one, 69,114 
reduction, 69, 99 
alkylation and acylation, 69,101 
reaction with isocyanates, 69,101 
Perhydropyrido[l ,2-a]pyrimidine, ring 
opening, 63, 240 

Perhydropyrido[l,2-c]pyrimidine, Bohlmann 
bands in infrared spectra, 70,24 
*H NMR spectra and conformations, 70,24 
Perhydropyrido[l,2-n]pyrimidin-4-one, 63, 
180 

Perhydropyrido[l,2-a]pyrimidin-6-ones, 63, 
165, 63, 169 

Perhydropyrido[l,2-c][l,3]thiazine, dipole 
moments, 70,18 
'H NMR spectroscopy, 70,19 
13 C NMR spectroscopy, 70, 20 


Perhydropyrido[l,2-6][l,2]thiazine-l ,1 - 
dioxide, 69,111,112 
reduction, 69, 99 

Perhydropyrimidin-4-one-6-carboxylic acid, 
64, 32 

Perhydropyrimido[l,2-fl]pyrimidin-2-one, 
deuterium exchange, 63, 173 
bms-fused-Perhydroquinazolines, synthesis, 
69, 385 

Perhydro-2,4-quinazolinedione, 69, 392 
d.v-Perhydroquinazoiin-2-ones, 
conformations, 69, 407 
Perhydroquinazolinon-2-ones, synthesis, 69, 
386 

Perhydroquinazolinon-2-thiones, synthesis, 
69, 386 

Perhydro-s-tetrazine-3-thione, ring chain 
tautomerism, 66, 34 

Perhydro-l,4-thiazine-3-carboxylic acid 1- 
oxide, 64, 34 

Perhydro-l,3-thiazine-2,4-diones, 
preparation, 69, 382 
Petrosamine, 70,108 
A-Phenacylbenzoisothiazol-3-one, 

cyclisation to 2-benzoyl-2,3-dihydro-l,3- 
benzothiazin-4-one, 66,159 
3-Phenacylbenzthiazolium cations, ring chain 
tautomerism, 64, 289 

3-Phenacylidene-3-acetylcoumarin, 65, 318 

2- Phenacylisoquinolinium bromide as 

precursor to [l,2,4]triazino[3,4-n] 
isoquinolines, 61, 229 

3- Phenacylquinazolinone, conversion to 

pyrrolo[2,3-o]quinazolinone, 68, 192 
Phenanthrene, 65, 48 
Phenanthridine, synthesis via boron 
compounds, 62, 362 
Phenanthro[9,10-ft]furan, 65, 140 
1,10-Phenanthroline, epoxidation, 70,120 
Phencyclidine, oxidation, 69, 74 
Phenols, oxidation with hypervalent iodine, 
69, 6 

Phenol substituted tetrathiafulvalenes, 
copolymerisation with poly(p- 
chloromethylstyrene), 62, 259 
Phenothiazines, loss of sulfur, 65, 57 
from o-thioanilines and cyclohexane-1,3- 
diones, 67, 309 

Phenoxathiins, desulfuration, 65, 59 
2-(Phenoxy)phenyltellurium trichloride, 

63, 35 
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2-Phenoxypyridines, 62, 9 
2-Phenylacetylbenzoic acid, ring chain 
tautomerism, 64, 259 
Phenylacetylene, reaction with iodonium 
ylide from 2-hydroxy-l,4- 
naphthoquinone, 69, 18 

/V-Phenylacetylhydrazones 0 f 

benzylacetaldehyde, ring chain 
tautomerism, 64, 299 

l-PhenyM-(alditol-l-yl)-l,2,3-triazoles, 68, 322 

1- Phenyl-5-(alditol-l-yl)-l,2,3-triazoles, 68,322 

2- Phenyl-6-amino-6//-cycloheptoxazoles, 

reaction with, p-toluidine, 64, 137 
9-(Phenylaminomethylene)-6,7,8,9- 

tetrahydro-4W-pyrido[l,2-a]pyrimidin- 

4-one, Vilsmeier-Haack formylation and 
separation of isomers, 63, 222 

5-Phenylamino-5-phenylimino-2,4,6- 

triisopropyl-l,3,5-dioxaphosphorinanes, 
by reaction of 1,3,5- 
dioxaphosphorinanes with phenylazide, 
61, 66 

2-(Phenylamino)phenyltellurium trichloride, 
63, 35 

2-Phenylamino-4W-pyrido[l,2-a]pyrimidin- 
4-one, reaction with ethyl chloroformate, 
63,186 

9-(Phenylamino)tetrahydro-4//-pyrido 

[l,2-a]pyrimidin-4-ones, uv spectra and 
tautomerism, 63, 109 
conformations, 63,114 
2-Phenylazetidine, 64, 184 
2-Phenylaziridines, as a precursor to 
pyrido[l,2,4]triazines, 61, 210 
Phenylbenzofuranpropionic acid, cyclisation 
to dibenzofurotropones, 64, 95 
1 -Phenyl-5-benzofuryl-4-arylazo-l H- 
pyrazolo[5,l-c]imidazoles, 63, 321 
2-Phenyl-l,3-benzothiazin-4-one, 66, 143 
formation, protonation and stability of 
dioxane complex of ion, 66, 170 
hyrolysis, 66, 175 

reaction with Grignard reagents, 66, 179 
Phenylbenzoxepines, 65, 322 
2'-Phenyl-2,5'-bioxazole, 67, 32 
Phenylboronic acid, Pd catalysed phenylation 
of bromoheterocycles, 62, 359 
2-Phenyl-6-bromoimidazo[2,l-6] 
[l,3,4]thiadiazole, reaction with 
phenylmercaptan, 69, 312 


l-Phenyl-8-bromoimidazo[l,2-f)]-i- 
triazolo[3,4-/]pyridazine, 63, 299 

1- [2-0-(l-Phenylcarbamoyl)-D- 

glucopyranosyl]piperidine, cyclisation, 
70, 186 

6-Phenylcarbamoyl-2-methyl-3- 

phenylpyrazolo[5,l-c][l,2,4]triazole, 63, 
316 

2- Phenylcycloheptapyrazole-3,8-dione, 64,105 
2-Phenylcyclohepta[tf]thiazol-4-one, 64, 125 
2-Phenylcyclohepta[tf]thiazol-8-one, 64, 125 
V-(l-Phenylcyclohexyl)piperidone, 

synthesis, 69, 74 

5-Phenyl-l,3,5-diazaphosphorinanes, oxides, 
sulfates and selenides- conformations of, 
61,82 

5-Phenyl-2-(l,l-dibutylamyl)-l, 3,2,5- 
dioxaboraphorinane, 61, 93 
V-Phenyl-3,5-dicyano-4-methylpyridazin-2- 
one, preparation of pyridopyridazine, 
68, 186 

4-Phenyl-5-diethylphosphonyl-l,3,2- 

dioxathiolane 2,2,-dioxide, instability, 
68, 153 

2-Phenyl-2,3-dihydro-l,3-benzothiazin-2- 
one, reduction, 66,182 

2- Phenyl-2,5-dihydroisobenzofuran, 65,138 
4-Phenyl-2,3-dihydro-l//-pyrido[l,2-c] 

pyrimidine-1,3-dione, reaction with 
amines and POCl 3 , 70, 44 

3- Phenyl-l,9a-dihydro-2//-pyrido[l,2- 

i>][l,2,4]triazines, preparation from 
pyridinium-V-imine with 2- 
phenylazirine, 61, 210 
2-Phenyl-2,3-dihydro-l//-pyrimido 

[l,6-a]quinoline-l,3-dione, reaction with 
sulfuryl chloride, 70, 47 

4- Phenyl-9,10-dimethoxy-6,7-dihydro-2//- 

pyrimido[6,l-fl]isoquinoline, 70, 62 
2-Phenyl-3-dimethylaminofuran, 65, 151 
2-Phenyl-l,3-dioxane, conversion to 
oxazinium salts, 64, 345 

2- Phenyl-l,3-dioxanyl carbanion, 

conformations, 69, 244 
4-Phenyl-l,3-dioxanyl carbanion, 
conformations, 69, 244 

3- Phenyl-2,4-dioxo-l,3,4,6,7,llf>- 

hexahydropyrimido[6,l-a] 
isoquinolines, ,3 C NMR spectra and 
conformations, 70, 30 
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4-Phenyl-4-{[<V,V-di(2-propyl)amino]ethyl}- 

3-amino-4,4a,5,6,7,8-hexahydro-l//- 
pyrido[l,2-c]pyrimidin-l-one, 70, 65 

4- Phenyl-4-{[V,V-di(2- 

propyl)amino]ethyl}perhydro[l,2-c] 
pyrimidine-1,3-dione, 70, 65 
m-Phenylenediamine, condensation with 2- 
formylcyclohexanone, 70, 91 
p-Phenylenediamine, reaction with 2- 
chlorobenzoic acid, 70, 93 
O-Phenylene sulfite, kinetics of hydrolysis, 

68, 94 

5- (2-Phenylethenyl)uridine, 62, 400 
3-Phenyl-6-p-fluorophenylimidazo[2,l-6] 

thiazole-2-acetic acid. X-ray structure, 

69, 301 

1- Phenylfuro[2,3-d]oxazolidin-5-yl acyclo C- 

nucleoside, 70,186 

2- Phenyl-4-(2'-furyl)-5-nitro-6-methyl-l,3- 

dioxanes, conformations, 69, 233 

3- Phenyl-l,3,4,6,7,llf>-hexahydro-2tf- 

pyrimido[6,1 -a]isoquinolin-2,4-dione, ‘H 
NMR spectra and conformations, 70,28 
cis and irans-3,4a-H-3- 

Phenylhydropyrido[l ,2-c][ 1,3]oxazin-6- 
ones, Cotton effects, 70, 8 
V-Phenyl-1 -hy droxymethyl-1,2,4,6,7,11 b- 
hexahydro[l,3]thiazino[4,3- 
a]isoquinolin-4-imines, 13 C NMR 
spectroscopy, 70, 20 
Phenyl(hydroxymethyl)phosphine, as a 
precursor to 1,3,5-diazaphosphorinanes, 
61,73 

1- Phenylimidazoles, from reaction of 

nitrobenzene and enaminones, 67, 258 

2- Phenylimidazo[2,l -bjthiazole, 

halogenation, 69, 293 

6- Phenylimidazo[2,l-f>]thiazole, reaction 

with bromine, 69, 291 
X-ray structure, 69, 300 
2-Phenylimino-47/-3,l-benzoxazin-4-ones, El 
mass spectra, 69, 446 
2-V-Phenylimino-l,4,4a,5,8,8a-decahydro- 
2//-3,l-benzothiazines, fragmentation, 
69,441 

2-V-Phenylimino-1,4,4a, 5,8,8a-decahydro- 
2H-3,l-benzoxazines, fragmentation, 

69, 441 

2-V-Phenylimino-l,4,4a,5,8,8a-decahydro- 
5,8-methano-2H-3,l-benzoxazines, El 
fragmentation, 69, 441 


4-(Phenylimino)-l-hydroxymethyl-9,10- 
dimethoxy-1,2,4,6,7,11 b- 
hexahydro[l,3]oxazino[4,3-a] 
isoquinoline, 70, 38 
2-V-Phenyliminooctahydro-2//-1,3- 

benzothiazines, conformations, 69, 409 
2-N-Phenyliminooctahydro-2//-3,l - 

benzothiazines, thermal rearrangement, 
69, 441 

2-N-Phenyliminooctahydro-2//-1,3- 

benzoxazines, conformations, 69, 409 
2-N-Phenyliminooctahydro-2//-3,l- 

benzoxazines, thermal rearrangement, 
69, 441 

2-N-Phenyliminooctahydrocyclopent[4] 

[1.3] oxazines, 69, 441 
2-N-Phenyliminooctahydrocyclopent[e] 

[1.3] oxazine, mass spectra, 69, 

442 

2-N-Phenylimino-octahydro-5,8-methano- 
2H-3,l-benzoxazines, fragmentation, 
69,441 

2-(<V-Phenylimino)-A 3 -l,3,4-oxadiazoline, 
synthesis, 69, 42 

2-N-Phenylimino-perhydro-l,3-oxazines, 
mass spectra, 69, 441 

4- V-Phenylimino-3-phenyl-l,3-benzothiazin- 

2-one, ring cleavage, 66,176 
2-N-Phenylimino-3-phenyl-l,3-benzothiazin- 
4-one, hydrolysis, 66,176 

2- AI-Phenylimino-4- 

phenylcyclopent[e][l ,3]oxazine, 
conformations, 69, 409 
Phenyliodinane, as a nitrene source, 69,11 
Phenyliodonium 

bis(phenylsulfonyl)methylide, 
thermolysis in carbon disulfide, 69, 63 
decomposition to give carbenoids, 69, 35 
Phenyliodonium sulfate, reaction with 
alkenes, 69, 63 

3- Phenylisoserine, synthesis, 68, 146 
stereoselective synthesis, 68, 151 

2- Phenylisoxazo[d]tropone, 66, 384 

3- (8-Phenylmenthyloxycarbonyl)chromone, 

asymmetric Diels-Alder reaction with 
13-diketones, 65, 351 

5- Phenyl-2-mercaptotriazole, reaction with 

chloroacetone, 69, 318 
reaction with a-haloketones, 69, 318 
reaction with 3-bromoacetylcoumarin, 69, 
320 
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4-Phenyl-5-methoxycarbonyl-l,3,2- 

dioxathiolane 2,2-dioxide, instability, 

68, 153 

2- Phenyl-5-methoxy-l,3-dioxanes, 

equilibration of isomers, 69, 238 
r-2-Phenyl, cw-3-methoxy, ri.v-6- met hy l-oxan- 
4-one, conformations, 69,227 
r-2-Phenyl,cw-4-methyl,cis-6-dimethyl-l,3- 
dioxanes, acid catalysed conformations, 

69, 240 

3- Phenylmethylene-4W-l-benzothiopyran-4- 

one, reaction with 2-aminothiophenol, 
63, 96 

2-Phenyl-6-methylpyridines, reaction with 
chloroacetate, 66, 217 
cis-la, 106-W-l-Phenyl-7a-methyl- 

5,6,7,8,9,10,106-3//-pyrido[3,2,l-;/] 
[3,l]benzoxazines, formation, 70, 8 

2- Phenyl-5-methylpyrrocoline, 68, 210 

1- Phenyl-3-methylthio-indol-2(3//)one, 

preparation, 69, 33 

3- Phenyl-2-naphthoquinone, 61,149 
spectra, 61,154 

E-(l-Phenyl)-2-nitropropane, cycloadducts 
with enamines- ring chain tautomerism, 
66,60 

6-Phenyl-5-nitrosoimidazo[2,l-6]thiazole, 

69, 292 

V-2-(5-Phenyl-l,3,4- 

oxadiazolyl)benzohydrazonyl bromide, 
cyclisation, 63, 297 
3-Phenyl-l,2,3-oxathiazole 2-oxides, 
potential energy surface, 68, 92 
3-Phenyl-l,2,3-oxathiazolidine 2-oxide, 
potential energy surface, 68, 92 

2- Phenyloxazole[3,2-/]xanthine, electron 

densities, 69, 275 
2-Phenyloxazolidin-5-one, 64, 22 

2- Phcnyl-5(4W)oxazolone, 64, 50 

3- (l-Phenyl-3-oxobutyl)-4- 

hydroxycoumarin, ring chain 
tautomerism, 64, 283 

2- Phenyl-4-oxo-4a,5,8,8a- 

tetrahydroquinazoline-2(17/)-thiones, 
conformations, 69, 416 

3- Phe ny lperhydropyrido [ 1,2-c][l,3]oxazine, 

NMR spectra, 70,11 
ci.s-3,4a-f/-3-Phenylperhydropyrido[l,2-c] 

[l,3]oxazin-l-one, electrochemical 
oxidation, 70, 36 


cis-3,4fl-//-3-Phenylperhydropyrido[l,2-c] 

[1.3] oxazin-6-one, separation of epimers, 
70, 39 

3-Phenylperhydropyrido[l ,2-c][l ,3]oxazin-6- 
ones, reduction of C3 epimers, 70, 34 
3-Phenylperhydropyrido[l,2-c]pyrimidines, 
'H NMR spectra and conformations, 
70,25 

c«-l,4fl-//-l-Phenylperhydropyrido[l,2-c] 

[1.3] thiazine, infrared spectroscopy, 

70, 18 

'H NMR spectroscopy, 70, 18 
1 -Phenyl-4-pheny l-3-( 1 -t/ireo-trititol-1 - 
yl)pyrazolin-5-one, synthesis, 68, 273 
2-Phenyl-3-f-propylindazole, 65,173 
Phenyl(propynyl)iodonium triflate, 

conversion to dihydropyrroles, 69, 28 
2-Phenyl-5-propynylthiotriazole, cyclisation, 
69, 324 

1 -Phenylpyrazolo [4,3-6 ] [ 1,5 [benzothiazepin- 
10(9H)-one, 63, 76 

1- Phenylpyrazolo[3,4-e]pyrrolo[2,l-c] 

[l,2,4]triazine, preparation from 4- 
amino-l-phenyl-5(pyrrolo-l- 
yl)pyrazole, 61, 296 
iV-(3-Phenylpyrazol-5-yl)hydrazonoyl 
chloride, nitrilimine formation and 
cycloaddition, 63, 310 
nitrilimine formation and cycloaddition to 
active methylenes, 63, 311 
reaction with potassium cyanide, 63, 329 
/V-(3-Phenyl-5-pyrazolyl)-C-(2- 

methoxyphenyl)carbamoylhydrazonyl 
chloride, cyclisation, 63, 303 

2- Phenyl-4f/-pyridazine[4,5-c]-l,3,4- 

thiadiazine-8(7H)-ones, 63, 326 

2- Phenylpyridine, 62,12 

from 2-methylthiopyridine and 

phenylmagnesium bromide, 62, 384 

3- Phenylpyridino[2,l-c]-l,2,4-triazole, 63,296 
cis-la, 106-//-1 -Phenyl-5,6,7,7a, 8,9,10,106- 

37/-pyrido[3,2,l-i/] 

[3,l]benzoxazines, formation, 70, 8 
2-Phenyl-47/-pyrido[2,l-o]phthalazine-4- 
thione, 69, 117 

2-Phenylpyrido[l,2-6]pyridazinium-4-olate, 
photoinduced ring transformation, 69, 
108 

2-Phenylpyrido[l,2-a]pyrimidinium 
perchlorate, 63, 125 
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3-Phenylpyrido[2,3-e] [ 1,2,4]triazine- 
synthesis from 3-acylhydrazino-2- 
aminopyridines, 61, 214 
3-Phenylpyrido[3,2-e][l,2,4]triazine, catalytic 
reduction and by lithium aluminium 
hydride, 61, 216 

3- Phenylpyrido[3,4-e][l,2,4]triazine, 

reduction, 61, 218 

1- Phenylpyrido[2,l-/][l,2,4]triazin-5-ium-3- 

olate, 61, 220 

4- Phenyl-2-{4-[4-(2-pyrimidinyl)piperazin-l- 

yl]butyl}-2,3,5,6,7,8-hexahydro-l//- 
pyrido[l ,2-c] [1,3]oxazine, absolute 
configuration, 70,17 

2- Phenylpyrrolo[2,3-6]pyrazine, preparation 

from 2-methylpyrazine, 68, 206 

2- Phenyipyrroiotropone, mass spectrum, 66, 

306 

3- Phenylselenopropylamine, formation of 

enaminones with cyclic 1,3-diones, 67, 
232 

cis-3,4a, 5,6-//-3-Phenyl-5-substituted-6- 
formylperhydropyrido[l,2-c] 
[l,3]thiazin-l-ones, reductive 
desulfurisation, 70, 39 
c«-l,llf>-7/-l-Phenyl-3-substituted 
2,3,4,6,7,116-hexahydro-l//- 
pyrimido[6,l-a]isoquinolines, 70, 70 
rrarw-7-Phenylsulfonyl-l - 

azobicyclo[4,2,0]octan-8-one, 65, 104 

4- Phenylsulfonylpyridine, reaction with aryl 

Grignard reagents, 62,405 
4-Phenylsulfonyl-tetrahydropyran-2-one, 
conformations, 69, 228 

2- Phenyl-l-telluracyclohexa-2,5-dione, 63,17 
1 -Phenyltelluroniacyclohexane, structure, 

63,11 

3- Phenyl-6,7,8,9-tetrahydro-4/7-pyrido 

[l,2-a]pyrimidin-4-ones- reduction, 63, 
180 

cw-2-Pheny l-4a, 5,6,7,8,8a- 

tetrahydroquinazolin-4-(3//)-ones, 
conformations, 69, 419 

1- PhenyI-3-(/3-D-/yxo-tetritol-l-yl)flavazoles, 

acid catalysed cyclodehydration, 70,288 

2- Phenyl-4-(D-ara6mo-tetritol-l-yl)-l,2,3- 

triazole, 68, 320 

3- Phenylthiazolo[3,2-a]benzimidazole, 

synthesis, 69, 47 

2-Phenylthiazolo[3,2-6]-.s-triazole, 69, 325 


3-Phenylthieno[2,3-d]pyrimidin-2,4-diones, 
allylation, 66, 223 

3-Phenylthieno[2,3-rf]pyrimidin-2-one, 66, 
209 

3- Phenylthieno[2,3-d]pyrimidin-4-one-2- 

thione, 66, 195 

6-Phenylthieno[c]tropylium salts, reduction, 
66, 382 

1- Phenyl-2-thioaldonoylhydrazines, 

condense with benzaldehyde, 68, 335 

2- Phenylthiobenzimidazole, thermolysis to 

l,2'-bibenzimidazole, 67, 37 
2-(Phenylthio)phenyltellurium trichloride, 
63, 35 

2-(Phenylthio)pyridines, 62, 9 
l-Phenyl-2-(thio-D-talonoyl)hydrazine, 
reaction with benzaldehyde, 68, 335 

4- Phenyl-3-t hioxo-2,3-dihydro-1 H- 

pyrido[l,2-c]pyrimidin-l-one, 70, 44 

1- Phenyl-2-thioxo-2,3-dihydro-l//-l,2,4- 

triazolo[2,3-6]indazole, 64,197 

2- Phenyl-1 -thioxoperhydropy rido 

[l,2-c]pyrimidin-3-one, 70, 67 
l-Phenyl-3-(/3- and a-D- 

threofuranosyl)flavazoles, 70, 288 
1-Phenyltriazoles, 65,123 

4-Phenyl-l,2,4-triazoline-3,5-dione, as a 
dienophile, 67,122 

reaction with allylidene cyclopropanes to 
give spiro compounds, 67, 123 
reaction with 1,3-dimethoxy-l,3-butadiene, 
67,123 

reaction with triphenyl azapentadiene, 

67,125 

reaction with conjugated dienes, 67,125 
reaction with 5,5-dimethoxy-l,3- 
cyclopentadiene, 67,127 
reaction with l,2,3,4,5,6-hexafluoro-5,6- 
dichloro-l,3-cyclohexadiene, 67,127 
reaction with tropones, 67,127 
with cis-cyclononatetraene, 67, 128 

reaction with anthracene, perylene 
and naphtho[l,2,3,4-]chrysene, 67,130 
paracyclophane, 67, 130 
reaction with styrene and a- 
bromovinylpyridine, 67, 131 
reaction with vinylheterocycles, 67, 131 
reaction with benzylidene ketones, 67,133 
reaction with heterocycles, isopyrazoles 
and 2,6-dimethoxythiophene, 67, 135 
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reaction with thieno[3,4-c]isothiazole, 67, 
136 

reaction with dihydropyridines, 67,136 
reaction with V-alkyl-2-pyridones, 67,137 
reaction with oxepins, 67,137 
reaction with 1,3-oxazepines, 67,138 
reaction with 2,3-dihydro-l,2(l//)- 
diazepines and triazepines, 67,138 
adducts of steroidal 5,7-dienes, 67,140 
protection of vitamin D analogues, 67,142 
isolation of diterpenes, 67,145 
isolation of unstable 1,3,6,6- 
heptatetraenes, 67, 145 
trapping unstable 1-acyloxyenamines, 67, 
146 

trapping benzene oxides, isoindenes and 
trimethylene cyclopentanes, 67,146 
silica gel supported material to separate 
mixtures of natural products, 67,147 
reaction with Dewar benzene and 
dihydrofulvalene, 67,149 
reaction with dihydro-l,4-dioxane, 67,149 

1.2- addition to adamantylidene 

adamantane, 67,149 

1.2- cycloaddition to tetramethoxyallene 

and diphenylketene, 67,151 
ene reactions with olefins, 67,152 
ene reactions with vinylsilanes, 67, 154 
ene reactions with a,0-unsaturated 
ketones, 67,155 

ene reactions with 5-methylfuran-2(3H)- 
one, 67, 156 

cycloaddition to bicyclo[l,l,0]butanes, 67, 
157 

[4+2]cycloaddition to 

allenylcyclopropanes, 67,159 
reaction with mesoionic oxazoles, 67,160 
reaction with vinyl azides, 67,160 
reaction with azomethine imines, 67,161 
reaction with vinylethers and l-phenyl-4- 
vinylpyrazole, 67, 161 
reaction with aryl or diaryldiazomethanes, 
67, 162 

reaction with diazoacetates, 67,162 
reaction with A'.A'-disubstituted 
hydrazines, 67, 165 

reaction with arylthioxodithianes, 67, 165 
reaction with 2-alkylidene-l,3-oxathiole, 
67, 165 

formation of hetero spiranes with 
tetraacetylethylene, 67,166 


cycloaddition to strained bicycloalkenes, 
67,168 

reaction with 1,2-diphenylcyclopropene 
derivatives, 67, 169 
reaction with semibullvalenes, 67, 169 
oxidative properties, 67, 171 
nucleophilic addition to 0-diketones, 67, 
173 

Michael addition to 2,4-diphenylthiazolone 
and 4-oxopyrimidines, 67, 174 
nucleophilic addition to 2-methylindole 
and 2,3-dimethylindole, 67, 174 
reaction with 1,3,5-trimethoxybenzene, 

67, 175 

addition to ty/V-dimethylaniline, 67,176 
[8+2]cycloaddition with trimethylene-8,8- 
dithiaheptafulvene, heptalene and 
3a//-indene, 67,179 
as a mimic of singlet oxygen, 67,190 
as a spin trap, 67,190 
N-[3-Phenyl-5-(l,2,4- 

triazolyl)]benzohydrazonoyl bromide 
hydrobromide- cyclisation, 63, 304 

2- Phenyl-4,4,4a-trichloro-2,3,4,4a- 

tetrahydro-lH-pyrimido[l,6-a] 
quinoline-10-dione, 70, 47 

3- Phenyl-7,7,ll-trimethyl-8W- 

benzopyrano[4,3-e]imidazo[l,2-b] 
[l,2,4]triazine, 61, 305 

2- Phenyl-2,4,6-trimethyl-1,3-dioxanes, 

conformational equilibria, 69, 239 

3- Phenyl-2,5,6-trimethylthienopyrimidin-4- 

one, diuretic activity, 66, 234 
6-Phenyl-2,4,6-trioxohexanoic acids, ring 
chain tautomerism, 64, 283 
l-Phenyl-4-vinylpyrazole, reaction with 
dimethyl acetylene dicarboxylate, 63,356 
reaction with tetracyanoethylene, 63, 381 
reaction with diethyl azidodicarboxylate, 
63, 388 

l-Phenyl-5-vinylpyrazole, reaction with 
dimethyl acetylene dicarboxylate, 63,357 
reaction with tetracyanoethylene, 63, 381 
reaction with diethyl azidodicarboxylate, 
63, 389 

reaction as a diene with l,2,4-triazole-3,5- 
dione, 63, 389 

N-Phenyl-2-vinylpyrroles, reaction with 

dimethyl acetylene dicarboxylate, 63,344 
reaction with methyl propiolate, 63, 345 
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Phenylzinc, reaction with bromoheterocycles, 
62, 377 

Phleomycins, 67, 35 
Phloroglucinol, condensation with 6- 
methylanthranilic acid, 70, 91 
Phosphaadamantane, preparation, 61, 76 
alkylation, 61, 77 

1- Phospha-3,5-dioxa-4- 

arylbicyclo[2,2,2]heptanes, 
rearrangement on heating with sulfur in 
benzene, 61, 67 

l,2-6u-(Phosphino)ethane, reaction with 
cyclic sulfates, 68,163 
1,2,4-Phosphodioxenes, from photoylsis of 
phosphoryldiazoketones, 65,197 
O-Phthalaldehyde, ring chain tautomerism, 
64,284 

Phthalanes, ring chain tautomerism, 66,19 
Phthalazines, 64, 220 
reaction with dimethyl acetylene 
dicarboxylate, 69,120 

Phthalazinedione, preparation from phthalic 
hydrazide, 61,158 

Diels-Alder reaction with cyclooctadiene, 
61, 165 

Diels-Alder reaction with tropone, 61, 

165 

Diels-Alder reaction with aromatic 
compounds, 61,165 
Diels-Alder reaction with perylene, 61, 

165 

Diels-Alder reaction with V-alkyl-2- 
pyridine, 61,166 

as a protecting group for 1,3-dienes, 61, 

166 

reaction with ergosterol derivatives, 61, 
168 

reaction with styrene, 61, 172 
1,2-reaction with indene, 61,172 
hydrolysis, 61, 172 
with 3-aminocrotonate, 61,172 
flash vacuum pyrolysis of 1,4-adducts to 
give benzocyclobutanedione, 61,173 
Phthalazin-5-yl C-nucleosides, 70, 216 
O-Phthaloyl dichlorides, ring chain 
tautomerism, 66, 62 

2- (and 3-)Picolines, from triflates of 2-and 3- 

hydroxypyridine and 
trimethylaluminum, 62, 371 
reaction with phenacyl bromide, 68, 210 


Picolinic acid ethyl ester V-amminium salts 
as precursors to pyrido[2,l-/] 
[l,2,4]triazines, 61, 221 
Picrasidines, isolation and structure, 61, 178 
spectra, 61, 180 

Pinacolone thiocarbonomonohydrazone, ring 
chain tautomerism, 66, 33 
Pipecolates, from L-asparagine, 64, 28 
Piperazine-2,5-diones, 64, 32 
Piperazinones, from dichlorocarbene with 
ketones and diamines, 65, 188 
4-Piperazinothieno[3,2-d]pyrimidine, 66, 248 

4- Piperazinoylthieno[2,3-6] 

[l,5]benzothiazepines, 63, 72 
10-Piperazinoylthieno[3,2-f>] 
[l,5]benzothiazepines, 63, 72 
biological activity, 63, 72 
Piperidine, oxidation by iodosobenzene, 
69,74 

2- Piperidinecarboxylic acid, oxidation, 69,74 

5- Piperidinobenzo[f>]thiepin, 65, 47 

3- Piperidinoindolizine, 62, 315 
Piperidinooxazines, 65, 23 
Piperidinopropionamidoximines, oxidation 

to pyrido[l,2-a]pyrimidines, 63,169 
2-Piperidino-3,4,5,6-tetrahydropyridine, 65, 
132 

2- Piperidone, from a-methylthio amides, 

69,54 

Piperidone acyclo C-nucleosides, 68, 351 

3- [(2-Piperidyl)methyl]perhydropyrido 

[l,2-a][l,3]oxazines, 70, 59 

4- (2-Piperidylmethyl)perhydropyrido[l,2- 

c][l,3Joxazines, reaction with 
isothiocyanates, 70, 37 
Pirenperone, 2-methyl-3[2-{4'-(4- 
fluorobenzoyl)piperazin-l - 
yl}ethyl]pyrido[l,2-a]pyrimidin-4-one 
V-Pivaloylhydrazone of acetylpinacoline, 
ring chain tautomerism, 64, 301 
endo-2-Pivaloyl-endo-8- 

hydroxybicyclo[3,3,0]octanes, ring chain 
tautomerism, 66, 62 
Plakinidines A, B and C, 70, 104,142 
Podophyllotoxin, 65, 348 
Poly-O-acetyl aldehydo-sugar N,N'- 

diphenylformazans, cyclisation with lead 
tetraacetate, 68, 340 

4-(Poly-0-acetylalditol-l -yl)-2- 

methylimidazoles, synthesis, 68, 288 
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1- (Poly-0-acetylalditol-l-yl)-2-nitroethenes, 

cycloaddition reactions to hydrazones of 
aromatic aldehydes, 68,273 
cycloaddition reactions with diazoalkanes, 
68, 276 

3- (Poly-0-acetylalditol-l-yl)pyrazoles, 

preparation, 68, 273 

4- (Poly-0-acetylaIditoi-l-yl)pyrazolines, 

synthesis, 68, 276 

4-(Poly-0-acetyl-alditol-l-yl)pyrimido[4,5-c] 
pyrazines, 70, 216 

3-(Poly-0-acetylalditol-l-yl)pyrroles, 
preparation, 68, 258 

Poly-O-acetyl-benzothiazol-2-yl acyclo C- 
nucleosides, preparation, 70,194 
Polypyrrole, 67, 2 
synthesis, 67, 7 

Polystyryl diphenylphosphane resin, 64, 173 
Polytetrahydrofurans, synthesis, 68, 144 
Polythiophene, 67, 2; 67, 10 
(-)-Porantheridine, 70, 75 
Porphycenes, 67, 6 

Potassium 2,4-dichlorobenzoate, in synthesis 
of pyrido[2,3-a]acridines, 70, 90 
Potassium thieno[3,4-rf]pyrimidin-4(l//)- 
one-2-thiolate, 66, 257 
Prelog-Djerassi lactonic acid, synthesis, 67, 
262 

Primapterin, see 2-amino-l-(L-erythro-V2'- 
dihydroxypropyl)pteridin-4-one 
Prodigiosin, 67, 6 

r-Proline-jV-oxalic anhydride, 64, 46 
9-[(Propargyloxy)methyl]adenine, 69,144 
9-[(Propargyloxy)methyl]hypoxanthine, 
preparation, 69, 144 

2- (Propargylsulfinyl)tropones, 

rearrangement to 3-acylthienotropones, 
64, 100 

Propargylthiotropone, rearrangement to 
thienotropone, 64, 99 
2-(2-Propenyl)-3-aminonaphthoquinone, 
cyclisation, 67, 244 

2- Propenylcyclohexanol, conversion to spiro- 

oxetanes, 69,14 

3- (trons-l-Propenyl)-3,6-dihydrocyclobut[c]- 

2-coumarins, 65, 328 

2- (l-Propenyl)indole, reaction with methyl 

propiolate, 63, 351 

3- (2-PropenyI)-A-substituted indoles, Diels- 

Alder reactions, 63, 363 


2- (Prop-l-en-2-yl)thiophene, reaction with 

di-/-butyl azidodicarboxylate, 63, 388 
/3-Propiolactonc, reaction with thioureas and 
thioamidrazones to give l,3-thiazin-4- 
ones, 66, 154 

3- Propionyl-2//-l-benzopyran-2-ones, 

reaction with anhydrides, 65, 301 
3-PropionyIthieno[2,3-d]pyrimidin-4(3//)- 
one, 66,206 

6-(di-n-Propylamino)-6,7-dihydro-l T/-3//- 
5/f-pyrido[3,2,l-y][3,l]benzoxazine-3- 
one, biological activity, 70, 75 
3-N-Propylbiopterin, 70, 275 
l-(2-Propylidene)benzamidrazone 

hydroiodide, ring chain tautomerism, 
66, 28 

5(2-Propynylsulfoxido)pyrimidine, 

conversion to thieno[3,2-d]pyrimidines, 
66, 245 

Propynylthiophenylamino-l,2,4-triazines, 
pyrolysis, 63, 85 

5(2-Propynylthio)pyrimidine, conversion to 
l,3,6-trimethylthieno[3,2-d]pyrimidin- 
2,4-dione, 66, 245 

3-Propynylthio-5-substituted 1,2,4-triazoles, 
formation and cyclisation, 69, 323 
3-PropynyIthio-l,2,4-triazoles, cyclisation, 

69, 323 

/V-Protectcd-5-aza-2- 

oxabicyclo[2,2,l]heptanes, 64, 42 
W-Protected pyrrole-2-carboxaldehyde, 
reaction with ethyl a-amino-j8,0- 
diethylpropionate, 64, 41 
Protoberberine alkaloids, transformation to 
benzo[c]phenanthridines, 67, 381 
Pseudoisocytidine, 68, 357 
synthesis, 68, 367 
preparation from 1,3- 

dimethylpseudouridine, 68, 369 
ara-Pseudoisocytidine, 68, 370 
acyc/oPseudoisocytidine, 68, 378 
D-ara&i/io-Pseudoisocytidine, synthesis, 68, 
367 

ara-Pseudouridine, 68, 370 
Pseudouridine, see 5-(/3-d- 
ribofuranosyl)uracil 

a-Pseudouridine, conformation and crystal 
structure, 68, 358 

Pseudouridine 5'-diphosphate, biological 
activity, 68, 359 
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Pseudouridine 5'-monophosphate, biological 
activity, 68, 359 

Pseudouridine 5'-palmitate, biological 
activity, 68, 359 

Pseudouridine triacetate, methylation, 68, 360 
PTAD 4-phenyl-1,2,4-triazoline-3,5-dione 
(+)-Pulegone, in synthesis of 1,3-oxazines, 
69, 357 

(-)-Pumiliotoxin, synthesis, 69, 122 
Purine nucleoside, alkylation, 62, 348 
Purine nucleoside phosphorylase, inhibition 
by purine acyclonucleosides, 69, 155 see 
Puromycin analogs, synthesis, 67, 406 
2//-Pyranamines, 65, 307 
4//-Pyran-2-carboxylic acids, 62, 64 
catalytic hydrogenation, 62, 75 
477-Pyran-crowns, 62, 68 
4/7-Pyran-3,5-dicarboxaldehydes, 62, 23 
4//-Pyran-2,6-dicarboxylic acid, inhibition of 
tetrahydrodipicolinate N-succinyl 
transferase, 62,121 

4//-Pyran-3,5-diketone, reduction, 62, 86 
cycloaddition to tetrahydropyridine-A- 
oxide, 62,109 

Pyrano[2,3-a]acridin-2-ones, 70,124 
Pyranoaminopyridines, preparation from 
pyrans, 62, 105, 62,107 
Pyranofoline, 70, 138 
Pyranones, via Michael addition of active 
methylenes to enaminones, 67, 265 
2-Pyranones, 67, 262 
2A-Pyran-2-ones, 64, 33 
Pyranooxazolinones, preparation from 4 H- 
pyrans, 62,106 

Pyranopyrimidines, preparation from pyrans, 
62,103 

Pyrano[2,3-4]pyrimidines, 64, 212 
Pyrano[2,3-d]pyrimidin-3-ylureas, 64, 212 
2(a-and /3-/yxo-Pyranosyl)pyrroles, 
preparation, 68, 247 
Pyrano[2,3-e][l,2,4]triazines, 61, 234 
Pyrano[3,4-e][l,2,4]triazines, 61, 233 
Pyrano[4,3-e][l,2,4]triazines, 61, 233 
Pyranotropolone, 64, 126 
2//-Pyrans, preparation from 1,3-diketones 
and Knoevenagel reaction, 62, 25 
cycloaddition, 62, 107 
preparation from ketones and dimedones, 
62,26 

preparation from alkenic acetylenes, 62,40 


preparation from (2 jt+2j7+2j7) 

cycloaddition of two acetylenic and 
one carbonyl moieties, 62, 41 
preparation by photoisomerisation, 62, 46 
preparation by cobalt catalysed 
cycloadditions, 62, 41 
molybdenum complexes, 62, 91 
photooxidation, 62, 73 
cleavage, 62, 84 

stability and valence bond tautomerism, 
62, 111 

theoretical studies, 62, 111 
spectra, 62,113 

synthesis by addition of nucleophiles to 
pyrylium salts, 65, 285 
(4A)-Pyrans, 62, 21, 62, 29 
theoretical studies, 62,112 
NMR and IR spectra, 62,113 
aromatisation, 62, 68 
hydrogenation, 62, 75 
via Diels-Alder reactions, 62, 43 
spirocycles, 62, 43 
manganese complex, 62, 91 
conversion to pyridines, 62, 95 
cycloaddition reactions, 62, 109 
synthesis by addition of nucleophiles to 
pyrylium salts, 65, 285 
2-(Pyran-4-ylidene)-l,3-dithiols, 65, 291 
(Pyran-4-ylidene)phosphoranes, 65, 316 
4//-Pyran-4-yl phosphonium salts, 62, 62 
2H-Pyranyl-5-sulfone, 62, 28 
(4//-Pyranyl)triphenylphosphonium salts, 
preparation of bipyrans, 65, 315 
Pyrazine bis-homo C-nucleoside, 68, 380 
Pyrazine-2-carboxylic acid, 67, 63 
Pyrazine C-nucleosides, 68, 379 
Pyrazinoditropone, 66, 375 
(2-Pyrazinyl)methylenemalononitrile, ring 
chain tautomerism, 66, 58 
Pyrazofurin 5'-phosphate, antiviral activity, 
68, 263 

Pyrazofurin B, see 5-carboxamido-4-hydroxy- 
3-(a-D-ribofuranosyl)pyrazole 
Pyrazofurin, see 5-carboxamido-4-hydroxy-3- 
(/3-D-ribofuranosyl)pyrazole 
Pyrazole reverse C-nucleosides, preparation, 
68, 272 

Pyrazole-3-carboxylic acid, 64, 18 
Pyrazole-3,4-dicarboxylic acids, oxidative 
degradation products of 
pyrazolotropolones, 66, 367 
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Pyrazole-dWV-oxides, from oxidation of 
dioximes of /3-diketones, 69, 40 
Pyrazolepyranone, 65, 309 
Pyrazoles, from 1,3-diketones and hydrazino 
bis(iminophosphoranes), 64, 191 
Pyrazolo[l,5-a]azocines, 65,134 
Pyrazolo[3,4-c][l,5]benzothiazepines, 63, 76 
Pyrazolo[4,3-6][l,5]benzothiazepines, 63, 75 
PyrazoIo-[4,3-6][l,4]-benzothiazines, 67, 257 
Pyrazolopyrans, 62, 22 
Pyrazolo[l,5-a]pyrimidines, from 
enaminones, 67, 317 
Pyrazolopyrimidinotriazines, 61, 300 
Pyrazolo[4,3-4]pyrimidin-5-yl C- 
nucleosides, 70, 247 

Pyrazolo[l,2-a]pyridines, preparation, 68,201 
Pyrazolo[l,5-a]pyridine, 68, 217 
Pyrazolo[l,5-a]pyridine-4,7-diones, 
preparation from pyrazoles and 
acetylenes, 61, 183 
Pyrazolo[4' ,3':5,6]pyrido[23-*] 
[l,5]benzothiazepines, 63, 91 
Pyrazolo[3',4':4,5]pyrido[6,l-n]phthalazine, 
64, 236 

Pyrazolo[3',4':4,5]pyrido[6,l-n]pyrimidines, 
64, 236 

Pyrazolo[l,5-a]pyrido[3,4-e]pyrimidines, 
synthesis, 68,190 

Pyrazolo[ 1,5-a]pyrido[3,4-e]pyrimidine-7- 
oxide, synthesis, 68, 191 
Pyrazolo[2'-a]pyrido[2,l- 

c][l,2,4]triazinedium dibromide, 61, 300 
Pyrazolo[3,2-c]pyrido[4,3-e][l,2,4]triazine 
oxides, preparation and reduction, 61, 
300 

Pyrazolothiazines, 67, 257 
Pyrazolo[5,l-c]as-triazine, 63, 303 
Pyrazolo[5,l-c][l,2,4]triazines, 63, 316 
Pyrazolo[5',l':3,4][l,2,4]triazino[l,6-a] 
indole. X-ray structure, 61, 310 
Pyrazolo[l,5-c]as-triazin-7-one, 63, 328 
Pyrazolo [5 M' :3,4][ 1,2,4]t riazino[5,6-d] 
pyrimidine, 61, 300 
Pyrazolo[5' ,1 ':3,4][1,2,4]triazino[6,5-/] 
[l,3,4]thiadiazopine hydrochloride, 61, 
302 

Pyrazolo[l,5-/]l,3,5-triazin-8-yl acyclo C- 
nucleosides, 70, 303 
Pyrazolo[5,l -c][l,2,4]triazoles, 63, 285 
Pyrazolo[l,5-c][l,2,4]-triazoles, 63, 301 


Pyrazolotroponehydrazones, cyclisation with 
carboxylic acids, 66, 377 
Pyrazolotropones, 64, 103, 64, 105 
X-ray diffraction, 66, 286 
NMR spectra, 66, 288 
UV spectra, 66, 295 
IR spectra, 66, 302 
aromaticity, 66, 308 
ironcarbonyl complexes, 66, 331 
catalytic hydrogenation, 66, 336 
failure to react with phenylhydrazines, 

66, 338 

/V-alkylation, 66, 348 

3- Pyrazolyl acyclo C-nucleosides, 

preparation, 68, 273 

4- Pyrazolyl acyclo C-nucleosides, 

preparation, 68, 276 
Pyrazol-4-yl homo C-nucleosides, 
preparation, 68, 270 

3- Pyrazolyl C-nucleosides, preparation, 68, 

267,394 Pyrazolylpyrazolines, 
dehydrogenation to bipyrazoles, 67, 21 
Pyridazinedione, 1,2-addition to styrene, 61, 
171 

Pyridazin-3-ones, 67, 310 
4//-Pyridazino[6,l-a]isoquinolines, 69, 119 
Pyridazino[6,l-a]isoquinolin-2-one, 69, 119 

4- Pyridazinones, 67, 310 
Pyridazino[2,3-6][l,2,4]triazines, 61, 234 
Pyridazino[2,3-e][l,2,4]triazines, 61, 268 
Pyridazino[4,5-e][l,2,4]triazines, herbicidal 

activity, 61, 235 

Pyridazino[6,l-c][l,2,4]triazines, 61, 234 
3(6)-Pyridazinyl acyclo C-nucleosides, 68, 
354 

4(5)-Pyridazinyl acyclo C-nucleosides, 68, 
354 

3(6)-Pyridazinyl C-nucleosides, 68, 354 
4(5)-Pyridazinyl C-nucleosides, 68, 354 
Pyridin-2-(3W)-one, from a-methylthio 
amides, 69, 54 

Pyridine-jV-oxides, from enaminones, 67,272 
synthesis via enaminones, 67, 250 
Pyridine-2-thione, Pd(0) catalysed allylation, 
66, 101 

Pd(0) catalysed allylation with acetates of 
geraniol, nerol and linalool, 66, 102 
Pyridinium betaines, 64, 28 
Pyridinium-AMmines, reaction with a- 
halogenounsaturated esters to give 
pyrido[l,2-h][l,2,4]triazines, 61, 211 
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Pyridinium ylides, 1,3-dipolar cycloaddition 
reactions with dimethyl acetylene 
dicarboxylate, 65, 113 

Pyridindolol, see l-[(lR)-2-dihydroxyethyl]- 
3-hydroxymethyl-9-//-pyrido[4,3-fc] 
indole [n](2, 6-Pyridinophanes), 
preparation from 2,6-dichloropyridine, 
62, 386 

A-(2-Pyridinyl)acylacetamides, cyclisation 
with phosphorus pentasulfide, 63, 126 
Pyrido[2,3,4-fc/]acridines, synthesis, 70,120 
Pyrido[2,3-a]acridine, 70, 92 
Pyrido[3,2-a]acridines, 70, 93 
Pyrido[3,2-fc|acridones, 70, 97 
Pyrido[2,l-d][l,5]benzothiazepines, 63, 86 
Pyrido[2,3-6][l,5]benzothiazepines, 63, 83 
Pyrido[3,2-h][l,5]benzothiazepines, 63, 84 
Pyrido[3,2-c][l,5]benzothiazepines, 63, 85 
Pyrido[3,2,l-i',;'][3,l]benzoxazin-l,3-diones, 
hydrolysis, 70, 31 

Pyrido[3,2,l-i/][3,l]benzoxazin-3-ones, 
hydrolysis, 70, 31 
Pyrido[3,2,l-y]cinnoline-3,3,8- 

tricarboxylate, hydrolysis,69,107 
Pyrido[l,2-6]cinnolinium-ll-olate, HOMO 
coefficients, 69, 94 
UV spectroscopy, 69, 94 
reduction, 69,100 
nitration, 69,102 

reaction with phosphorus pentasulfide, 

69,102 

methylation, 69,105 
Pyrido[2,l-a]isoquinolinium salts, 65, 50 
2-Pyridone, 62,12 
Pd(0) catalysed allylation, 66,100 
reaction with vinylogous acid halides, 67, 
210 

4-Pyridones, from enaminones and diketenes, 
67, 271 

Pyrido-oxadiazoles, synthesis, 69, 43 
Pyrido[2,l -a]phthalazinium-7-olate, HOMO 
coefficients on O and N(6), 69, 94 
methylation, 69, 105 
Pyrido[3,2-g]pteridines, 67,419 
Pyrido[2,3-6]pyrazines, 64, 54; 67, 306 
Pyrido[l,2-6]pyridazine-3-carboxylate, 69, 
116 

37/-Pyrido[l,2-6]pyridazin-3-ones, 69, 118 
Py rido[l ,2-h]pyridazino [3,4-e] [1,2,4] 
triazines, 61, 309 


Pyrido[l,2-a]pyridines, 64, 51 
Pyrido[l',2':l,2-a]pyrido[4,5-e]-l,4- 
diazepine-2,6-dione, 63, 250 
Pyrido[3,2-d]pyrimidine, preparation 64, 54, 
67, 297, 68, 200 

Pyrido[l,2-tf]pyrimidines, 64, 52 
Pyrido[2,3-d]pyrimidines, 64, 54, 67, 297 
Pyrido[l,2-c]pyrimidinium chloride, X-ray 
structure, 70, 30 

2//-Pyrido[l,2-a]pyrimidin-2-ones, spectra, 
63, 112 

47/-Pyrido[l,2-a]pyrimidin-4-ones, 
solubilities, 63, 106 
spectra, 63, 112 

calculation of base strength, 63,106 
reduction, 63,176 

correlation of partition coefficient and Rm 
values, 63,107 
chromatography, 63, 107 
Vilsmeier-Haack formylation, 63,190 
physical properties, 63,108 
UV/visible spectroscopy, 63,109 
X-ray diffraction, 63,112 
IR spectroscopy, 63, 112 
Pyrido[l,2-a]pyrimidine-4,6-diones, 63,157 
2H-Pyrido[l,2-a]pyrimidine-2-ones, 63, 126 
2tf-Pyrido[l ,2-a]pyrimidine-2-thiones, 63, 
126 

6H-Pyrido[l,2-a]pyrimidine-6-thione, 63,160 
Pyrido[l,2-a]pyrimidinium cation, ring chain 
tautomerism, 66, 56 

Pyrido[l,2-a]pyrimidinium salts, hyrolysis, 
63,169 

Pyrido[l ,2-a]pyrimidin-3-yl C-nucleosides, 
70, 261 

Pyrido[l,2-/]pyrimido[4,5-d]pyrimidine, 64, 
232 

Pyrido[ 1' ,2': 1,2]pyrimido[4,5-6]quinazolin- 
12-one, 63, 202 

12//-Py rido [1' ,2': 1,2{py rimido [4,5- 
h]quinolin-12-one, 63, 202 
Pyrido[3,2-e]pyrimido[2,l-c][l,2,4]triazine, 
preparation and biological activity, 61, 
241 

Pyrido[l,2-6]pyrrolo[2,3-e][l,2,4]triazine, 61, 
310 

Pyrido[l,2-a]quinolines, 64, 58 
Pyrido[3,4-c]quinoline, synthesis, 68, 186 
Pyrido[2,l-h][l,3]thiazines, 67, 306 
47/-Pyrido[2,l-h][l,3]thiazin-4-one, synthesis 
and rearrangement, 63,159 
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Pyrido[l,2-a]thieno[2,3-d]pyrimidine-2- 
carboxylate, 63, 200 
Pyridotriazines, 62, 12 
Pyrido[l,2-a][l,3,5]triazines, 64, 222, 65, 197 
Pyrido[l,2-/)][1.2,4]triazines, 61, 210 
Pyrido[2,l-c][l,2,4]triazines, 61, 212 
Pyrido[2,l-/][l,2,4]triazines, 61, 219 
Pyrido[2,3-c][l,2,4]triazines, 61, 214 
Pyrido[3,2-e][l,2,4]triazines, 61, 215 
Pyrido[3,4-e][l,2,4]triazines, 61, 217 
Pyrido[4,3-e][l,2,4]triazines, 61, 219 
Pyrido [2,1 -/] [1,2,4] triazin-5-ium-l -dates, 
preparation and methylation, 61, 221 
Pyrido[2,l-/][l,2,4]triazin-9-ium salts, 61,222 
Pyrido[l,2,-d][l,2,4]triazin-4-thiones, 61, 213 
Pyrido[2,l-/][l,2,4]triazinium-l-thiolates, 
preparation and methylation, 61, 222 
Pyrido[2,3-e] [1,2,4]triazolo[3,4- 

c][l,2,4]triazine-l-oxides, 61, 306 
Pyrido[6]tropolone- ring contraction to 7- 
quinolinic acid, 66, 369 
Pyridotropolone, 64, 127 
Pyridotropolone-V-oxide, 66, 350 
Pyridotropones, mass spectra, 66, 305 
tautomerism, 66, 310 
formation of dioximes, 66, 338 
V-alkylation, 66, 348 
V-oxides, 66, 350 
cyclocondensation with o- 
phenylenediamine, 66, 362 
Fischer indole synthesis, 66, 363 
Pyridoxal-5-phosphate-ethylenediamine 
solutions, ring chain tautomerism, 66,24 
2(6)-Pyridyl acyclo C-nucleosides, 68, 348 
3(5)-Pyridyl acyclo C-nucleosides, 68, 351 

4- Pyridyl acyclo C-nucleosides, 68, 352 

3-(2-Pyridylamino)acroleins, hydrolysis 

products of pyrimido[l,2-a]pyridinium 
salts, 63,169 

3-(2-Pyridyl)-2,l-benzisoxazoles, photolysis, 
69, 121 

5- (4-Pyridyl)benzo[a][2,7]naphthyridin-4- 

one, in synthesis of amphimedine, 70,122 
2(6)-Pyridyl carbocyclic C-nucleosides, 68, 
348 

2-(2-Pyridylcarbonyl)-benzoic acids, ring 
chain tautomerism, 64, 260 
2-(2-Pyridylcarbonyl)biphenyl-2'- 

carboxamides, ring chain tautomerism, 
64, 267 


8-(2-Pyridylcarbonyl)naphthoic acids, ring 
chain tautomerism, 64, 261 
2-Pyridylcopper, preparation and use, 62,397 

1- (2-Pyridyl)-3,5-dinitro-2-pyridone, reaction 

with ethyl sodioacetoacetate to give 2- 
oxo-2,5-dihydropyrido[l ,2- 
b][l,2,4]triazine-4-oxide, 61, 211 

2(6)-Pyridyl homo C-nucleosides, 68, 346 
C-(2-Pyridyl)hydrazonoy! bromide, 1,3- 
dipolar cycloadditions, 63, 308 

2- Pyridyl isocyanate, precursor in synthesis 

of bipyridines, 67, 51 
2(6)-Pyridyl C-nucleosides, 68, 341 
3(5)-Pyridyl C-nucleosides, 68, 343 

4-Pyridyl C-nucleosides, 68, 346 

3- (2-Pyridyl)-4H-pyrido[l,2-a]pyrimidin-4- 

ones, 63,143 

l-(2-Pyridyl)pyrrolinone, 63, 230 
Pyridylquinolines, from bromoquinolines and 
pyridylzincs, 62, 381 

2(6)-Pyridyl reverse C-nucleosides, 68, 348 

4- Pyridyl thioglycosides, 

photorearrangement, 68, 344 
3-Pyridyltriflate, coupling with alkynes, 62, 
319 

3-Pyridylzinc chloride, coupling with 2- 
bromopyridine, 67, 50 
Pyridylzinc halides, 62, 382 
acylation, 62, 383 

Pyrimidine, dimerisation by reaction on 
palladium on charcoal, 67, 61 
Pyrimidine acyclonucleosides, preparation, 
68, 59 

5- Pyrimidineboronic acid, arylation, 62, 368 
Pyrimidine-4-carboxylate copper salt, 

pyrolysis, 67, 61 

Pyrimidine-V-oxide- from enaminones, 67, 
313 

Pyrimidin-2-one, Pd(0) catalysed allylation, 

66,102 

Pd(0) catalysed reaction with 
vinylepoxides, 66, 105 
Pyrimidin-4-ones, reaction with 
aldohexopyranoses, 68, 365 
V-l-Pyrimidine substituted 
acyclonucleosides, 68, 56 
V-1,V-3-bis-Pyrimidine substituted 
acyclonucleosides, 68, 56 
Pyrimidin-2-thione, Pd(0) catalysed allylation 
on sulfur, 66, 105 
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2-Pyrimidinyl acyclo C-nucleosides, 68, 376 
4(6)-Pyrimidinyl acyclo C-nucleosides, 68, 
377 

5-Pyrimidinyl acyclo C-nucleosides, 68, 377 
(2-Pyrimidinylamino) 

methylenemalononitrile, ring chain 
tautomerism, 66, 58 

4(6)-Pyrimidinyl carbocyclic C-nucleosides, 
68, 374 

5-Pyrimidinyl carbocyclic C-nucleosides, 68, 
375 

4- Pyrimidinyl 2,3-dibenzyloxycyclobutyl C- 

nucleoside, 68, 374 

4(6)-Pyrimidinyl homo C-nucleosides, 68,374 

5- Pyrimidinyl homo C-nucleosides, 68, 374 
5-Pyrimidinyl-mercuric acetates, reaction 

with unsaturated sugar derivatives, 68, 
366 

(Pyrimidin-4-yl)methylene phosphoranes, 
reaction with aldehydo-sugar 
derivatives, 68, 374 

5-Pyrimidin-5-yl C-nucleosides, 68,365 
2-Pyrimidinyl C-nucleosides, 68, 363 
4(6)-Pyrimidinyl C-nucleosides, 68, 364 
4(6)-Pyrimidinyl reverse C-nucleosides, 68, 
375 2-(and 4-)Pyrimidinyltriflates, 
coupling with stannanes, 62, 341 
Pyrimidinyltriflates, coupling with zinc 
reagents, 62, 379 

Pyrimido[4,5-£>][l,5]benzothiazepines, 63, 86 
Pyrimido[5,4-c][l,5]benzothiazepines, 63, 87 
Pyrimido[4,5-£>]indoIe, 67, 238 Pyrimido[4,3- 
djpyridazines, by cyclisation of arylazo 
groups with adjacent methyl groups and 
dimethylformamide dimethylacetal, 68, 
204 

Pyrimido[4' ,5' :4,5]pyrimido[6,l-a] 
phthalazine, 64, 235 
Pyrimido[4,5-6]quinolines, 64, 206 
Pyrimido[4,5-/]l,3,5-triazepin-4-yl acyclo C- 
nucleosides, 70, 307 

Pyrimido[4,5-d]l,2,3-triazines, preparation 
from aminopyrimidines, 68,197 
Pyrimido[l,2-6][l,2,4]triazines, 61, 238 
Pyrimidof 1,6-6][l ,2,4jtriazines, 61, 239 
Pyrimido[2,l-c][l,2,4]triazines, 61, 240 
Pyrimido[4,5-e][l,2,4]triazines, 61, 242 
Pyrimido[5,4-e][l,2,4]triazines, 61, 247 
Pyrimido[6,l-c][l,2,4]triazines, 61, 241 
Pyrimido[5,4-e][l,2,4]triazinediones, 
hydration, 61, 260 


Pyrimido[5,4-e][l,2,4]triazine-5-(6/f)-one, 
61, 251 

Pyrimido-l,2,3-triazine-V-oxide, 68, 197 
Pyrimido[3',2':2,3]( 1,2,4]triazino[5,6-6] 
indole-2,4-diones, 61, 294 
Pyrimido[4,5-e][l,2,4]triazolinc, 64, 235 
Pyrimidotropones, 64, 104 
IR spectra, 66, 304 

Pyrroles, synthesis via enaminones, 67, 224 
Pyrrolidines, from enaminones, 67, 230 
oxidation by iodosobenzene, 69, 74 
2-Pyrrolidine carboxylic acid, oxidation, 

69, 74 

cis and rra«s-Pyrrolidine-2,4-dicarboxylic 
acid, 64,12 

Pyrrolidinobenzothiazines, 65, 24 
2-Pyrrolidino-3-cyano vinyln aphthoquinone, 
65, 30 

1- Pyrrolidinocyclopentene, inverse 

cycloaddition with 12,4-triazin-4-yl C- 
nucleosides, 70,197 

Pyrrolidinonaphthalenes, cyclisation, 65, 23 
Pyrrolidinooxazines, 65, 23 
4-Pyrrolidino-3-penten-2-one, reaction with 
ketenes, 67, 262 

2- Pyrrolidinylbenzoquinones, 

photocyclisation, 65,10 
2-Pyrrolidinylbenzo[6]thiophene, reaction 
with dimethyl acetylene dicarboxylate, 
65, 7 

2-[2-(l-Pyrrolidinyl)ethyl]2,3,4,4a- 

hexahydro-l//-pyrimido[6,l-a]quinolin- 
1-one, reaction with P 4 S W , 70, 46 

2- Pyrrolidinylthiophene, reaction with 

dimethyl acetylene dicarboxylate, 65, 7 

3- Pyrrolidinylthiophene, reaction with 

dimethyl acetylene dicarboxylate, 65, 7 
DL-r/ireo-l-Pyrroline derivatives, reaction 
with pyridyl-2-ylmethyllithium, 68, 347 
Pyrrolizidine-synthesis via enaminones, 67, 
234 

Pyrrolizidine acid chloride, 67, 233 
Pyrrolizines, 65, 123 

Pyrrolo[2,3,4-W]acridines, synthesis, 70, 142 
Pyrrolo[2,3-c]acridine, 70,140 
Pyrrolo[l,2-a]azepines, 64, 47 
Pyrrolobenzazepines, 65, 133 
Pyrrolo[4,3,2-/g][3]benzazocine, 64, 60 
Pyirolo[2,l-c][l,4]benzothiazepines, 64, 59 
Pyrrolo[2,l-rf][l,5]benzothiazepine-6- 
carboxylic acid, 63, 67 
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Pyrrolo[2,l-d][l,5]benzothiazepine-5,5- 
dioxide, 63, 65 

Pyrrolo[2,3-li][l,4]benzothiazines, 64, 58 
Pyrrolo[3,4-c][l,5]benzothiazepines, 63, 65 
Pyrrolo[2,l-d][l,5]benzothiazepin-7(6//)- 
ones, 63, 66 

Pyrrolo[2,l-h][l,3]benzoxazines, 64, 59 
Pyrrolodiazine, 65, 113 
Pyrroloditropylium salts, reduction, 66, 

382 

Pyrrolo[2',3':4,5]-furo[3,2-c]pyridines, 64, 
204 

Pyrrolo[l,2-o]indole, 64, 59 
Pyrroloindoles, 65, 3 
Pyrrolo[4,3,2-i,/]isoquinoline, 64, 208 
Pyrrolo[l,2-6]isoquinoline-5,10-diones, from 
phthalic anhydride and pyrroles, 61, 

181 

from l,2,3,4-tetrahydroisoquinoline-l,4- 
dione and sulfonyl ketene thioacetals, 
61, 182 

reactions, 61, 185 

Pyrrolones, by flash vacuum pyrolysis of 
enaminones, 67, 228 
Pyrrolo[2,l-c][l,4]oxazepines, 64, 47 
Pyrrolo[2,l-c]oxazines, 64, 47 
Pyrrolooxazines, 65, 23 
Pyrrolo[3,2-d]oxazin-3-yl C-nucleosides, 70, 

293 

Pyrrolophenanthridines, via base treatment 
of bromoenaminones, 67,291 
via Claisen rearrangements of enaminones, 
67, 292 

Pyrrolo[3,4-i>]pyran, 64, 42 
Pyrrolo[l,2-a]pyrazines, 64, 45 
Pyrrolo[2,3-e]pyrazine, 64,188 
Pyrrolo[l,2-a]pyrazoles, 64, 43 
Pyrrolo[l,2-h]pyridazines, from 2- 
methylpyridazines and phenacyl 
bromides, 68, 211 

Pyrrolopyridazine-V-oxides, 68, 198 
Pyrrolo[2,3-c]pyridines, 64, 41 
Pyrrolo[3,2-h]pyridines, via enaminones, 67, 

294 

Pyrrolo[3,4-h]pyridines, 67, 293 
l-Pyrrolo[2,3-h]pyridine magnesium 

bromide, reaction with aldehydo-sugars, 
70, 198 

Pyrrolo[3,2-6]pyridones, 67, 293 
Pyrrolo[3,4-c]pyrido[2,3-d]pyrimidines, 64, 7 


Pyrrolo[ 1,2-c|pyrimidmcs, from 2-picolines 
and phenacyl bromides, 68, 211 
Pyrrolo[2,3-(7)pyrimidinc, preparation, 68, 199 
preparation by cyclisation of vicinal alkyl 
acylamines, 68, 201 

by cyclisation of anils of aminopyrimidines, 
68, 203 

Pyrrolopyrimidine, Pd(0) catalysed reaction 
with (-)monoacetate of cis cyclopent-2- 
ene-l,4-diol, 66, 123 
Pyrrolo[l,2-a]pyrimidines, 64, 45 
Pyrrolo[2,3-d]pyrimidines, 65, 121 
Pyrrolo[3,2-d|pyrimidinediones, preparation 
from uracil, 68, 204 
Pyrrolo[l,2-a]pyrimidinones, 63, 165 
Pyrrolo[2,3-t/]pyrimidin-7-yl C-nucleosides, 
70, 218 

Pyrrolo[l,2-a]quinazolines, from 4- 
methylquinazolines and phenacyl 
bromides, 68, 211 

Pyrrolo[l,2-c]quinazolin-l-ones, 64, 219 
Pyrrolo[2,3-d]quinazolinone, preparation, 

68, 199 

Pyrrolo[3,2-c]quinolines, 64, 57 
Pyrrolo[3,2-6]quinoline, synthesis from 
aminoquinolines, 68,198 
rrans-Pyrroloquinoline, conversion to 

enantiomerically pure cis isomer, 65,19 
Pyrrolo[l,2-a]quinoxalines, from 3- 
methylquinoxalines and phenacyl 
bromides, 68, 211 

Pyrrolo[2,l-c]quinoxalin-2-ones, 64, 219 
Pyrrolo[2,l-cj[l,4]thiazepines, 64, 47 
Pyrrolo[l,2-a]l,2,5-triazines, from 2- 

methyltriazines and phenacyl bromides, 

68, 211 

Pyrrolo[ 1,5-zf] 1,2,4-triazin-8-yl C- 
nucleosides, 70, 296 

Pyrrolotropones, 64, 97, 64, 109, 64, 118 
UV spectra, 66, 295 
basicity, 66, 330 
mass spectra, 66, 305 
photoelectron spectra, 66, 307 
animation by silylamines, 66, 338 
chlorination, 66, 340 
V-hydroxymethylation and N- 
hydroxyalkylation, 66, 349 
Pyrrolotropothiones, 66, 372 
Pyrrolo[c]tropylium ions, *H NMR spectra, 
66,315 

reduction, 66, 381 
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UV spectrum, 66, 315 
aromaticity, 66, 323 

reaction with Grignard reagents, 66, 383 
dimer, 66, 386 

Pyrrolo[c]tropylium salts, 64, 131 
Pyrrol-2-yl acyclo C-nucleosides, 68, 254 
cyclodehydration, 68, 247 
2(5)-Pyrrolyl acyclo C-nucleosides, 
preparation, 68, 256 

5-(2-Pyrrolylcarbonyl)pyrimidine, 62, 339 
1-Pyrrolyl magnesium bromide, reaction with 
2,3-O-isopropylidene-D-glyceraldehyde, 
68, 253 

1- (Pyrrol-l-y!methyl)indan-2-one, 65, 129 

3- Pyrrolyl C-nucleosides, preparation and 

biological activities, 68, 249 
Pyrrolyl potassium, reaction with 

ethoxymethylenemalonic acid, 67, 235 

2- Pyrones, photosensitised cycloaddition 

reactions, 65, 325 

high pressure reaction with dienophiles, 
65, 332 

reaction with cylopropenone ketal, 65, 341 
reaction with p-benzoquinone, 65, 342 
reaction with benzocyclobutene, 65, 343 
reaction with cylooctatetraene-maleic 
anhydride adduct, 65, 343 
reaction with cyclopropenone ketal, 65,365 

4- Pyrones, reaction with 

dimethylsulfoxonium methylide, 65, 321 
2-Pyrone(s)lactate, reaction with 
benzylvinylether, 65, 337 
Pyronotropones, 66, 394 
Pyrylium perchlorate, reaction with 
organolithiums, 62, 52 
reaction with organomagnesium reagents, 
62, 53 

reaction with organocopper reagents, 62,55 
reaction with organotitanium reagents, 

62, 56 

reaction with organozirconium reagents, 
62, 56 

reaction with amines, 62,59 
Pyrylium tetrafluoroborate, reaction with 
active methylenes 65, 290 


Quinazoline, dimerisation with aqueous 
cyanide, 67, 67 
Quinazolinium salts, 65, 26 


Quinazolino[2,3-d][l,5]benzothiazepines, 

63, 96 

4(3//)-Quinazolinones, 64, 215 
palladium catalysed dimerisation to 4,4'- 
dihydroxy-2,2'-biquinazoline, 67, 66 
reaction with sodium naphthalenide, 67,67 
from enaminones, 67, 314 
preparation, 69, 74 
Quinazolinotriazinoindoles, 61, 294 
Quinazolin-8-yl C-nucleosides, 70, 260 
Quinazolin-8-yl acyclo C-nucleosides, 70,260 
Quino[3,2-c]acridine, 70, 107 
Quino[a]acridones, synthesis, 70, 91 
Quino[3,2-a]acridone, 70,93 
Quino[2,3-6][l,5]benzothiazepines, 63, 92 
Quino[4,3-6][l,5]benzothiazepin-6(57/)- 
ones, 63, 92 

Quinoline-5,6-diones, synthesis, 67, 279 
Quinoline-5,8-diones, synthesis, 67, 279 
Quinoline-2-sulfoxides, reaction with 
Grignards to give 2,2'-biquinolines, 
67,53 

Quinolinic acid, from quinolinotropolones, 
66, 367 

Quinolin-5-ones, synthesis, 67, 279 
Quinolinones, 65, 73 
Quinolinotropones, IR spectra, 66, 302 
(2-Quinolinylamino)methyIenemalononitrile, 
ring chain tautomerism, 66, 58 
Quinolinylgold compounds, thermolysis to 
2,2'-biquinolines, 67, 53 
2-Quinolinyl triflate, coupling with stannanes, 
62, 341 

8-Quinolinyl triflate- coupling with stannanes 
62, 341 

2-Quinolones, from cyclic enaminones and 
a,/3-unsaturated esters, 67, 279 
2-(2-Quinolylcarbonyl)benzoyl chloride, ring 
chain tautomerism, 66, 62 
Quinonediazides, decomposition, 65, 118 
Quino[8,7-h][l,10]phenanthroline, 70, 
106 

Quinoxalino[2,3-b][l,5]benzothiazepines, 

63,97 

Quinoxalinotropones, 64, 110, 64, 128 
1,4-addition reactions with active 
methylenes, 66, 335 
bridged adduct with aniline, 66, 336 
reaction with hydrazine to give tetracyclic 
products, 66, 336 
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reduction with metal hydrides, 66, 337 
mono and di-V-oxides, 66, 351 
Quinoxalotropylium salts, 64, 137 


(R)-Reticuline, synthesis, 68, 153 
Reumycin, preparation, 61, 256 
silylation, 61, 259 
alkaline hydrolysis, 61, 259 
source, 61, 262 

effect on electron transport, 61, 262 
carcinostatic activity, 61, 262 
D-Rhamnitol, in synthesis of EHNA, 68, 63 
D-(and L)-Rhamnose, in synthesis of EHNA, 
68,63 

Rhodanine, see thiazol-4-one-2-thione 
Ribavirin, see 3-carboxamido-l-(/3-D- 
ribofuranosyl)-l,2,4-triazole 
Ribavarin analogues, synthesis, 67, 408 

6-(N-D-Ribitylanilino)uracil, in synthesis of 
riboflavins, 67, 418 

/3-D-Ribofuranosylacetylenes, reaction with 
disubstituted 1,2,4,5-tetrazines, 68, 354 
D-Ribofuranosylacetic acid derivatives, 
decarboxylation, 70, 206 
8-/3-D-Ribofuranosyladenine, see 

7-amino-2-/3-D-ribofuranosylimidazo 

[4,5-d]pyrimidine, 

C-/3-D-Ribofuranosylalkynes, cycloaddition 
reactions, 68, 318 

2- /3-D-Ribofuranosylbenzoxazole, 70, 190 

5-(/3-D-Ribofuranosyl)cytosine, 68, 367 

3- Ribofuranosyl-2-ethoxy-4H-pyrido 

[l,2-n]pyrimidin-4-ones, 63, 153 
/3-D-Ribofuranosylformimidate, reaction 
with 2-aminophenol, 70, 190 

2- /3-D-Ribofuranosylfuran, reaction with 

dimethylacetylene dicarboxylate, 70,215 
4[V-(/3-D-Ribofuranosyl)formylamino]thio- 
phene 3-carboxamide, 66, 271 
5-(/3-D-Ribofuranosyl)furans, conversion to 
2-(/3-D-ribofuranosyl)pyrroles, 68, 247 

3- (D-Ribofuranosyl)glutarimide derivatives, 

68, 344 

3-/3-D-Ribofuranosylindazole, 70, 178 
5-/3-Ribofuranosylisoxazole, preparation, 

68, 291 

2-(/3-D-Ribofuranosyl)maleimide, 68, 226 
isolation, 68, 233 
structure determination, 68, 234 


spectra, 68, 234 
biosynthesis, 68, 234 
antibiotic activity, 68, 234 
isomerisation to isoshowdomycin, 68, 235 
synthesis and biological activity, 68, 235 
synthesis of 1 ‘ t C5-showdomycin, 68, 236 
a-D-arabinofuranosyl analog, 68, 237 
a-D-lyxofuranosyl analog, 68, 237 
tetrooxetanose analog, 68, 238 

2- (D-Ribofuranosyl)malonic ester, reaction 

with urea derivatives, 68, 367 
C-f3-D-Ribofuranosylnitromethane, in 

synthesis of indolyl-4-yl C-nucleosides, 
70, 169 

3- (/3-D-Ribofuranosyl)-l,2,4-oxadiazole C- 

nucleosides, 68, 329 

5-(/3-D-Ribofuranosyl)-l,3,4-oxathiazol-2- 
one, thermolysis reactions, 68, 305 
5-(/3-D-Ribofuranosyl)l,3-oxazin-2,4-dione, 
isolation from Streptomyces candidus, 
68, 385 

rearrangement with ammonia, 68, 386 

5- (/3-D-Ribofuranosyl)-l,3-oxazine-2,5- 

dione, 68, 226 

3-(/3-D-Ribofuranosyl)propiolate esters, 
cyclocondensation with guanidine, 68, 
365 

3-0-D-Ribofuranosylphthalimides, 
preparation, 70, 173 

3-/3-Ribofuranosylpyrazolo[3,4-e]oxazin-5,7- 
dione, 70, 293 

3-/3-Ribofuranosylpyrazolo[4,3-d]oxazine- 
5,7-dione, in synthesis of formamycin B, 
70, 293 

3-/3-D-Ribofuranosylpyrazolo[4,3-<7] 
pyrimidine-5,7-dione, 70, 231 

6- /3-D-Ribofuranosylpyrazolo[3,4-<7] 

pyrimidin-4-one, 70, 229 
3-/3-D-Ribopyranosylpyrazolo[l,5-n] 
pyrimidin-7-one, 70, 228 
3-(/3-D-Ribofuranosyl)-pyrazoIo[4,3-6] 
pyrimidin-7-one, 68, 226 
3-/3-D-Ribofuranosylpyrazolo[4,3-d] 
pyrimidin-7-one, 70, 230 

8-(j3-D-Ribofuranosyl)pyrazoIo[l,5-a]l,3,5- 
triazin-4-one, 70, 302 

7- /3-D-Ribofuranosyl[3,2-d]pyrimidin-4(3//)- 

one, 70, 226 

2-(/3-D-Ribofuranosyl)pyrroles, 68, 247 
7/3 -d-R ibofuranosyl-3H, 5//-pyrrolo[3,2-d] 
pyrimidin-4-one, 70, 221 
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5-(/3-D-Ribofuranosyl)tetrazoles, reaction 
with 2-chloro-3-nitropyridine, 70, 

203 

2- /3-D-Ribofuranosylthiazolidine, 68, 307 
l-(and 3-)(/3-D-Ribofuranosyl)thieno[3,2-d] 

pyrimidin-2,4-diones, 66, 250 

3- /3-D-Ribofuranosylthieno[2,3-d]pyrimidin- 

4-one, 66, 223 
anticancer activity, 66, 233 
7-/3-D-Ribofuranosyl)thieno[3,2-d]pyrimidin- 
4(3//)-ones, antiprotozoal activity, 66, 
254 

l-/3-D-Ribofuranosylthieno[3,4-d]pyrimidin- 
4(1# )-ones, 66, 256 
hydrolytic ring opening, 66, 271 
/3-D-Ribofuranosylthioformimidate, 
condensation with 5-benzyloxy-4- 
hydrazinopyrimidine, 70, 257 
C-/3-D-Ribofuranosylthioformimidates, in 
synthesis of 2-imidazolyl C-nucleosides, 
68, 277 

C-2-deoxy-a,/3-D- 

Ribofuranosylthioformimidates, in 
synthesis of 2-imidazolyl C-nucleosides, 
68, 277 

4- (/3-D-Ribofuranosyl)-5-thioxo-l, 2,4- 

triazole, 68, 324 

5- (/3-D-Ribofuranosyl) 1,2,4-triazine C- 

nucleoside, 68, 390 

6- (/3-D-Ribofuranosyl) 1,2,4-triazine-3,5- 

dione, 68, 390 

6-(/3-D-Ribofuranosyl)l,2,4-triazine-3- 
thione, 68, 390 

3-(/3-D-Ribofuranosyl)-l,2,4-triazolo[4,3- 
ajpyrazine, 70, 282 
5-(/S-D-Ribofuranosyl)uracil, 68, 226, 

357 

isomerisation to a-pseudouridine, 68, 

358 

D-Ribonolactone, use in preparing 
acyclonucleosides, 68, 69 
D-Ribono-1,4-lactones, reaction with 

heterocyclic lithio compounds, 70, 199 
aldehydo-D-Ribose semicarbazone, in 
synthesis of anapterin, 70, 272 
D-Ribouronoyldiazomethane glycoside, 
reaction with benzynes, 70, 179 
Risperidine, structure, 63, 105 
assay of blood levels, 63, 108 
X-ray diffraction, 63,121 


(+ )-Rosaramicin Aglycone, synthesis, 67,263 
Rutacridone, 70, 146 
oxidation to gravacridonol, 70, 149 
Rutacridone epoxide, 70,146 


[bis(Salicylidene)ethylenediamine] 
manganese (III) complex, 69, 8 
Sangivamycin, in preparation of nucleosides, 

67, 405 

Sanguilutine, synthesis, 67, 365 
Sanguinarine, 67, 345 
biological activity, 67, 347 
synthesis, 67, 383 
Sapphyrins, 67, 6, 67, 9 
Saramycetic acid, 67, 35 
Saturated l,3-benzoxazine-2,4-diones, 
synthesis, 69, 372 
Saxitonin, synthesis, 67, 214 
(-)-Sedacryptine, 70, 75 
(-)-Sedamine, 70, 75 
(±)-Sedridine, 70, 75 
Selenazofurin, 68, 298, 307 
antiviral activity, 68, 311 
Selono-3-coumaranone, 65, 171 
2(and 3)-Selenopheneboronic acid, use for 
selenophenylation, 62, 363 
L-Serine, conversion to cyclic sulfamidites, 

68, 121 

L-Serine methyl ester, precursor to 
oxazolidin-2-ones, 64, 21 
Sesbanimide, ring chain tautomerism, 64,275 
Severifoline, 70,127 
Shermilamines A,B and C, 70,115 
Showdomycin, see, 2-(/5-d- 
ribofuranosyl)maleimide 
Showdomycin acetate, synthesis, 68, 239 
Silacyclobutane, reaction with singlet 
methylene, 65,170 
1,2,4-Siladioxenes, from photolysis of 

silyldiazoketones with ketones, 65, 197 
2-Siloxazolidin-5-ones, 64, 27 
Silver pyrazolate, chlorination to 4,4'- 
dichloro-l,3(5)-bipyrazole, 67, 21 
V-Silylated iminophosphoranes, reaction 
with activated chloro and 
nitroheterocycles, 64, 165 
o'-Silylaziridine, synthesis via cyclic sulfites, 
68, 157 
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Silyl ketene acetals, conversion to a- 
aminoketones, 69, 11 
Sodium cyanoborohydride, reduction of 
cyclic sulfates, 68, 164 
Sodium tetrathiafulvalenethiolate, 

preparation, alkylation and acylation, 
62, 267 

Spiroazindoles, 65, 101 
Spiro [benzoxazole-2'(3W),4(l//) 
pyrazolo[5,l-c)[1,2,4]triazines], 
preparation and antibiotic activity, 61,302 
Spirocyclic 4/7-pyrans, hydrolysis, 62, 87 
Spiro[2,3]cyclohexan-3-one, photolysis, 

65, 153 

5-Spirocyclopropyl-A“^butenolides, 65,153 
Spirodioxoles, 65, 183 
Spiroisochromanediones, 65,362 
Spiropyrazolinequinones, disproportionation, 

66, 393 

2- Spirothieno[2,3-d]pyrimidine-4(3//)-thiones, 

66,203 

Sporidesmin-A, synthesis, 69, 49 
S RN 1 reactions-synthesis of 

benzo[c]phenanthrines, 67, 378 
Stannylated heterocycles, acylation, 62, 349 

5- Stannylated-2-pyrimidinones, coupling 

reactions, 62, 355 

6- Stannylated uridines, 62, 356 
coupling with alkynes, 62, 356 

Stannylation of heterocycles, 62, 349 
Stannylation of pyrimidines by decarboxylation 
of stannyl carboxylates, 62, 352 

3- Stannylazines, cross coupling reaction, 

62,349 

2-Stannylimidazole, preparation of 
heterocyclic ketones, 62, 340 
Stannylpyrimidines, coupling reactions, 

62,351 

2- Stannylpyrimidines, reaction with acid 

chlorides, 62, 355 

5-Stannylpyrimidines, conversion to ketones, 
62, 355 

3- Stannylquinoline, homocoupling, 62, 349 
Stelletamine, 70, 116 

Stille synthesis of unsymmetrical 
biheterocycles, 67, 3 

Streptozocin, decomposition in dimethyl 
sulfoxide, 68, 305 
decomposition, 70, 280 
synthesis, 70,181 


Styrene, conversion to aziridines, 69, 13 

3-(/3-Styryl)-2,l-benzisoxazoles, from oxidative 
cyclisation of o-aminochalcones, 69, 40 
3-Styrylisoxazolotropones, 64,102 

5- Styrylpyrazole-4-carboxylic acid, cyclisation, 

64,95 

3- Styrylpyrazolotropones, 64,102 
2-Substituted-5-(alditol-l-yl)-3- 

methoxyoxazolidines, preparation, 

68, 305 

2-Substituted 3-amino-4-cyano-2,4 a, 5,6,7,8- 
hexahydro-l//-pyrido[l,2-c]pyrimidin-l- 
ones, reaction with acyl chlorides. 

70, 49 

2-(Substituted amino)-9,10-dimethoxy-6,7- 
dihydro-4/7-pyrimido[6,l-a]isoquinoline- 

4-ones, alkylation, 70, 44 

4- (Substituted amino)-5-fluoro-7-oxo-3,7- 

dihydro-2//-pyrido[3,2,l-y][2,l] 
benzoxazine-8-carboxylic acids, as 
antimicrobial agents, 69, 123 

4-(Substituted amino)-5-fluoro-7-oxo-l,2,3,7- 
tetrahydro-pyrido[3,2,l-i/[2,l] 
benzoxazine-8-carboxylic acids, as 
antimicrobial agents, 69,123 

6- Substituted-2-aminopurines, Pd(0) 

catalytic allylation, 66,117 
4-Substituted-aminothieno[3,2-d] 
pyrimidines, 66, 245 
4-Substituted-aminothieno[3,4-d] 
pyrimidines, 66, 265 

2-(Substituted-aryl)-substituted octahydro- 
l,3-2//-benzoxazines, mass 
spectrometry, 69, 440 
2-(Substituted-aryl)-substituted octahydro- 
3,1 -2/f-benzoxazines, mass 
spectrometry, 69, 440 

2- Substituted 4-r- 

butyldimethylsilyloxybenzopyrans, 

65, 293 

3- Substituted l-cyano-9,10-dimethoxy- 

3,4,6,7-tetrahydro-2//-pyrimido 
[6,l-a]isoquinolines, 70, 70 
2-Substituted-4-cy ano-3-imino-2,3,5,6,7,8- 
hexahydro-l//-pyrido[l,2-c)pyrimidine- 
1-ones, 70, 67 
reduction, 70, 43 

6-Substituted-3,4-diaryl(or 3-heteroaryl-4- 
aryl)-l-methyl-l,2,3,4-tetrahydro-s- 
tetrazines, ring chain tautomerism, 66,34 
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3-Substituted-5,6-dihydro-4ff-imidazo 
[2,l-6]thiazoles, synthesis form a- 
tosyloxyacetophenones, 69, 46 
7-Substituted 6,7-dihydro- \H, 3 H, 5 H- 
pyrido [3,2,1 -17] [3,1 [benzoxazines, 

70,56 

6-Substituted 9-(l-ethoxyethyl)purines, base- 
catalysed hydrolysis, 68, 57 

5- Substituted 2(5//)-furanones, from 2- 

(trimethylsilyloxy)furan, 69, 65 
3-Substituted 1,3,4,4a, 5,6-hexahydro- 

[1.3] oxazino[3,4-a]isoquinoline-l-one, 
70, 56 

2- Substituted 2,3,5,6,7,8-hexahydro-lW- 

pyrido[l,2-c]pyrimidine-l,3-diones, 

70, 67 

yV-Substituted-2-hydroxy-l-carboxamides, 
cyclisation, 69, 369 

6- (and 7-)Substituted 2-hydroxychromane-4- 

ones, ring chain tautomerism, 64, 

276 

l-Substituted-2-(2-hydroxyethy!)piperidines, 
from reductive ring opening of 
perhydropyridooxazines, 70, 32 

3- Substituted-2-imino-l- 

cyclopentanedithiocarbamic acids, 

69, 381 

l-(Substituted imino)-9,10-dimethoxy- 
1,2,4,6,7,116-hexahydro 

[1.3] oxazino[4,3-a]isoquinoline, 
reaction with P 4 Si O 70, 62 

1-(Substituted imino)-9,10-dimethoxy- 
1,2,4,6,7,116-hexahydro 

[1.3] thiazino[4,3-a]isoquinoline, 

70,62 

4- (Substituted imino)-l,2,4,5,6,116- 

hexahydro [ 1,3]thiazino 
[4,3-a]isosquinolines, electrochemical 
reduction, 70, 41 

4- (Substituted imino)-l,2,4,6,7,116- 

hexahydro[l ,3]thiazino 
[4,3-a]isoquinolines, 70, 61 

l-(Substituted imino)-l,3,4,4a, 5,10- 
hexahydro[l,3]thiazino[3,4- 
bjisoquinolines, 70, 61 
r-4a, t-5,c-8-//-8-Substituted-5- 
me thy lperhydropy rido[ 1,2-6] 
[l,2]oxazine, conformation, 69, 92 

5- Substituted-l,3,4-oxadiazolin-2-ones, 

synthesis by oxidation of carbo-f- 
butoxyhydrazones, 69, 42 


2-Substituted oxanes, 13 C chemical shifts, 

69, 224 

1- Substituted 4-phenyl-4-[2-(V,/V- 

di(2-propylamino)-4,4a, 5,6,7,8- 
hexahydro-3//-pyrido[l,2-c]pyrimidin- 

3-ones, 70, 63 

2- Substituted-5-phenyl-6//-l,3,4-thiadiazine, 

conversion to pyrazoles, 65, 66 

6-Substituted 4-phenyl-2-thioxothieno 
[2,3-d]pyrimidines, 66, 198 
/V-Substituted pyrazoles, 65, 66 
6-Substituted 2-pyrones, 65, 301 

3- Substituted (1 H, 3//)-quinazoline-2,4- 

diones, El mass spectra, 69, 446 
N-Substituted 1,2,3,4-tetrahydroquinoline-8- 
carboxamides, 70, 32 
3-Substituted thieno[3,2-d]pyrimidin-2,4- 
diones, 66, 236 

3-Substituted thieno[3,4-d]pyrimidin- 
2(lJ/),4-diones, alkylation at N- 1, 
66,268 

2-Substituted thieno[2,3-d]pyrimidin-4(3/7)- 
ones, 66, 202 

2- Substituted thieno[3,2-d]pyrimidin-4(3/7)- 

thiones, 66, 244 
aldehydo -Sugar 5- 

alkylhydrazonecarbdithiolates, reaction 
with bromine, 68, 337 
aldehydo-Sugar lepidin-2-yl hydrazones, 
cyclisation with iron(III) chloride, 

70, 209 

5'-Sulfamoyltiazofurin, 68, 309 
Sulfatobetaines, 68,154 

3- Sulfenyl-2-pyrone, cycloadditions, 65, 340 
Sulflnyldioxycyclobutene, reaction with 

diazomethane, 68,128 

3-Sulfinyl-2-pyrone, reaction with 1,1- 
dimethoxyethylene, 65, 340 
3'-Sulfonyloxypyrimidin-5-yl C-nucleosides, 
68, 373 

5'-Sulfonyloxypyrimidin-5-yl C-nucleosides, 
68, 373 

3-Sulfonyl-2-pyrone, reaction with chiral 
alkylvinyl ethers, 65, 338 
reaction with dioxoles, 65, 338 
Sulfur dichloride, reaction with ammonium 
chloride, 62,149 
reaction with amidines, 62, 150 
Suzuki synthesis of unsymmetrical 
biheterocycles, 67, 3 
(-)-Swainsonine, synthesis, 69, 122 
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Tallysomycins, 67, 35 
Tantazoles, 67, 35 

Tandem aza-Wittig/6-tr-electrocydisations, 
64, 178 

quinoline synthesis, 64, 206 
isoquinoline synthesis, 64, 206 
to give l,5-diaza,l,3,5-triazines, 64, 214 
to give l-oxa-5-aza-l,3,5-triazines, 64, 214 
to give quinazolines, 64, 217 
to give 1,3,5-benzatriazepines, 64, 228 
Tandem cyclisation/intermolecular 
cycloadditions, 65, 208 
T automerism of aminoimidazoles, by 1 H nmr, 
61, 45 

by IR spectroscopy, 61, 47 
by AMI calculations, 61, 51 
Tautomerism of 2//-pyrans, 62, 77 
Tellurachromanones, 63, 20 
reaction with halogens, 63, 22 
2H-Tellurachromenes, 63, 24, 63, 43 
oxidation, 63, 26 
photolysis to indene, 63, 28 
4//-Tellurachromenes, 63, 25 
salt formation, 63, 28 
Tellurachromones, 63, 31 
reduction, 63, 32 
reactions, 63, 33 
spectral data, 63, 33 
l-Telluracyclohexa-2,5-diene, 63,15 
l-Telluracyclohexa-2,5-diene-4-ones, 
reduction, 63,15 
reaction, 63, 16 

from l,5-bis(trimethylsilyl)penta-l,4-diyn- 

3-one, 63, 16 

conversion to thiones, 63,18 
oxidation, 63,19 
structure and spectra, 63, 20 
1-Telluracyclohexan-l, 1-dioxide, 63, 5 
1-Telluracyclohexane, 63, 2-3 
conformation, 63, 11 
NMR, 63, 11 
oxidation, 63, 5 

l-Telluracyclohexane-3,5-dione, 63, 2, 63, 6 
conformation, 63, 9 
l-Telluracyclohexane-3,5-dione-l,l- 
dichlorides, 63, 6 
l-Telluracyclohexan-4-one, 63, 4 
l-Telluracyclohex-3-enes, 63, 13 
Telluraflavone, 63, 2 
reaction with Lawesson's reagent, 63, 32 


Telluraisochromanone, 63, 2 
Telluraisochroman-l(and 3-)-one, 63, 54 
Telluraisochromone, 63, 2 
4H-Tellurapyranes, protonation, 63, 43 
l-Tellurapyranylidinomalondinitriles, 63, 18 
l-Tellurapyranyl-4//-tellurapyrones, 63,18 

4- Tellurapyranyl-4//-tellurapyrones, charge 

transfer complexes, 63, 19 
Tellurapyrylium salts, 63, 17 
Tellura[3,2-6]thiophene, 63, 27 
Telluraxanthene, 63, 35 
oxidation, 63, 39, 63, 43, 63, 44 
Telluraxanthene-10,10-diacetate, 63, 40 

9- Telluraxanthenoles, 63, 40 
Telluraxanthone, 63, 38 
Telluro-3-coumaranones, 65,171 
4,4-d 2 -Tellurocyclohexane, 63, 4 
3,3,5,5,-d4-Tellurocyclohexane, 63, 4 

10- Telluroniaanthracene perchlorate, 63, 37 
reactions, 63, 44 

Telluronium salts, 63, 23 
Tellurosulfides, 63, 32 
3,2':5',3'-Terthiophene, synthesis, 69, 35 

1.4.5.6- Tetraacetoxy-3-oxahexane, in seco- 
nucleoside synthesis, 67, 414 

Tetra-o-acetyl-a/defiydo-L-arabinose, 

cyclocondensation with L-cysteine, 70, 
189 

Tetra-O-acetyl-galactaric acid l,4-bis(4- 
arylthiosemicarbazide), 
dehydrocyclization, 68, 337 
Tetra-O-acetyl galactaroy 1-1,4- 

bis(acylhydrazides), cyclisation, 68, 333 
Tetra-O-acetylgalactaroyl chloride, reaction 
with anthranilic acid, 67, 430 

5- (Tetra-0-acetyl-/3-D- 

galactopyranosyl)tetrazole, reaction 
with 2-chloropyrimidine, 70, 259 

2.3.4.5.6- Tetra-O-acetyl-D-gluconoyl 
isothiocyanate, 70, 307 

Tetraacetylguanosine, in preparation of 
acylonucleosides, 68, 6 
3-Tetra-0-acetyl-D-ara6ino-tetritol-l-yl)-4- 
ethoxycarbonyl-2,5-dimethyl-2- 
nitropyrrole, deesterification, 70, 167 
4(Tetra-0-acetyl-D-ara6i«o-tetritol-l- 
yl)imidazoline-2-thione, 70, 191 
7-(Tetra-0-acetyl-i)-ara6mo-tetritol-l- 
yl)thiazolo[3,4-c]oxazole, preparation, 
70,189 
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2,4,4,6-Tetraalkyl-l ,3-dioxan-2-ylium ions, 
conformations, 69, 244 

2.3.4.5- Tetraalkyl-imidazo[2,l-6]thiazoles, 
69, 280 

4,4',5,5'-Tetraarylbi-l,2,4-triazole, 67, 42 

2.4.4.6- Tetraaryl-4H-pyrans, conversion to 
4H-thiopyrans, 62, 100 

theoretical studies, 62, 113 
2,2' ,6,6' -T etra-r-buty ltellurapyranyl-4//- 
tellurapyrone, 63, 19 
Tetrachlorobenzimidazoles, 65,16 
trans-syn -cis-1,2,5,6-T etrachloro-1,4- 
dioxane, conformations, 69, 254 
cu/tram-2,3,5,6-Tetrachloro-l ,4-dioxane, 
conformations, 69, 254 
tranj-anri-f/zmr-2,3,5,6-Tetrachloro-l,4- 
dioxane, conformations, 69, 254 

2,2,3,3-Tetrachloro-l,4-dioxane, 
conformations, 69, 254 
cij-flnr(-cM-2,3,5,6-Tetrachloro-l,4-dioxane, 
conformations, 69, 254 
l,l,2,2-Tetrachloro-lof,2a,2aa,3ba- 

tetrahydro-3//-cyc)obuta[c]chromen-3- 
one, 65, 327 

4,4',5,5'-Tetracyano-2,2'-biimidazole, 67, 29 
Tetracyano-l,4-dithiin, reaction with sodium 
cyanide, 65, 249 

Tetraethyl-l-acetamido-4-hydroxybutane- 

1,1,3,3-tetracarboxylate, 64, 12 
Tetrahalotetrathiafulvalenes, 62, 287 
Tetrahydroazepines, 65,134 
Tetrahydrobenzimidazoles, from 
cyclodehydration of a-nitroso 
enaminones, 67, 258 
Tetrahydrobenzo(/]carbazoles, 67, 238 
3a,4,5,6-Tetrahydrobenzofuran-4.5- 
dicarboxylic acid anhydride, 63, 359 
7,8,9,10-Tetrahydrobenzo[c]phenanthridin- 
6(5W)-ones, in the synthesis of 
benzo[c]phenanthridine alkaloids, 67, 
369 

8,9,10,11-Tetrahydrobenzo 

[6] [ 1,10]phenanthrolin-7(12tf]one, 70, 
105 

Tetrahydrobenzo[/]pyrrolo[l,2- 
hjisoquinoline, 64, 61 
Tetrahydrobenzothieno[2,3-d]pyrimidines, 
antibacterial activity, 66, 234 

4.5.6.7- Tetrahydrobenzoxazoles, from 
reaction of dimedone iodonium ylide 
with acetonitriles, 69, 39 


5,6,7,8-Tetrahydrobiopterin, 70, 266 

3.4.5.6- Tetrahydro-2,3-bipyridine, ring chain 
tautomerism, 64, 289 

fram'-Tetrahydrocarbazo]-4(5H)-oncs, 67, 
239 

2.3.6.7- Tetrahydro-l H-l,4-diazepines, 64,227 

4.5.6.7- Tetrahydrofuran-4-ones, in 
preparation of dihyrofuro[2,3-c] 
acridines, 70, 150 

Tetrahydrofuro[2,3-6][l]benzopyran-4-one, 
65, 312 

a-Tetrahydrofurylidene ketones, 67, 222 

Tetrahydro-2a- 

hydroxycyclobuta[c][l]benzopyran-3- 
one, 65, 328 

la,4a,5,6-Tetrahydro-6-hydroxy-5-[(2R)-l,2- 
dihydroxyethyl]-ci's-furo[2,3-4]imidazol- 
3-one, 70, 181 

3a,5,6,6a-Tetrahydro-6-hydroxy-5-[(2R)-l,2- 
dihydroxyethyl]-cfs-furo[2,3-d]oxazol-2- 
one, 70,187 

Tetrahydroimidazo[l,2-o]pyridines, 67, 295 

Tetrahydroimidazo[2,3-c]pyridines, 64, 48 

Tetrahydroindeno[l,2-h]-l,4-oxazin-3(2W)- 
ones, 65, 189 

Tetrahydroindole-2-acetic acids, from 
enaminones and 4-hydroxy-2- 
butenolide, 67, 246 

Tetrahydroindoles, from cyclic enaminones, 
67, 227 

from keto carbenes and enaminones, 67, 
245 

1.2.3.4- Tetrahydroisoquinoline, oxidation, 
69,74 

preparation, 69, 74 

2-(Tetrahydroisoquinolinol-l-yl)ethanols, 
epimerisation, 70, 34 

Tetrahydroisoquinoline-3-yl C-nucleosides, 
70,211 

(4/3,4aa,7a/3)-Tetrahydro-4-methyl-3- 

phenylcyclopent[d][l,3]oxazine. X-ray 
structure, 69, 432 

1.23.4- Tetrahydrooxanthones, preparation, 
69, 72 

Tetrahydrooxazepines, 65, 102 

Tetrahydrooxazines, ring chain tautomerism 
by solid state nmr, 66, 8 

Tetrahydro-l,3-oxazines, ring chain 

tautomerism thermodynamics, 66, 13 
epimeric equilibria, 69, 401 
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ring-chain tautomerism, 69, 399 
ring-chain tautomerism, 69, 447 
hydrolysis, 69, 450 

1,6,7,1 lb-T etrahydro-2 H, 

4H\ 1,3]oxazino[4,3-«]isoquinolines, 
reductive ring opening, 70, 32 
conformations by X-ray crystallography, 
70, 18 

mass spectroscopy, 69, 440 

1.6.7.1 lb-Tetrahydro-2 W[ 1,3]oxazino[4,3-a] 
isoquinolin-4-ones, mass spectroscopy, 
69, 440 

Tetrahydro-1,3-oxazin-2-ones, reduction, 69, 
454 

synthesis, 69, 361 

Tetrahydro-l,3-oxazin-4-ones, preparation, 
69, 369 

reduction, 69, 454 

1,2,3,4-Tetrahydro-4-oxo-/3-carbolines, 67, 
244 

6.7.8.9- Tetrahydro-4-oxo-4//-pyrido[l,2-a] 
pyrimidine-3-carbonitrile, 63, 196 

6.7.8.9- Tetrahydro-4-oxo-4//-pyrido[l,2-fl] 
pyrimidine-3-carboxamide-preparation 
by amination of esters, 63,193 

quaternisation, 63,183 

6.7.8.9- Tetrahydro-4-oxo-4H-pyrido[l,2-a] 
pyrimidine-3-carboxylic acid, 
decarboxylation, 63,193 

reaction with carbon disulfide, 63, 220 
Tetrahydropyrazines, from ring expansion of 
imidazolidines, 65,188 

1.2.4.10- T etrahy dro-3//-pyrazolo[3,4-c] 

[1.5] benzothiazepin-3-ones, 63, 76 

3.4.5.6- Tetrahydro-4<j//-pyridazino[ 1,6-a] 
quinoline,69,114 

reduction, 69, 100 

3.4.5.6- Tetrahydropyridines, 64, 202 

1.2.3.6- T etrahydropyridine-2-carboxylic acid, 
64, 28 

1.4.10.1 l-Tetrahydropyrido[32-f>] 

[1.5] benzothiazepine-5,5-dioxide, 

63, 84 

3.5.6.7- Tetrahydro-l/7-pyrido|3,2,l-y] 

[3.1] benzothiazine-l,3-dithione, 70, 62 

3.5.6.7- Tetrahydro-17/-pyrido[3,2,l -/)'] 

[3.1] benzothiazine-3-thiones, 70, 62 

1.5.6.7- Tetrahydro-3/7-pyrido[3,2,l-i/] 

[3.1] benzothiazin-3-ones, 70, 61 
3,4,5,6,-T etrahydro-1//-pyrido[32,l-i/] 

[3.1] benzoxazine-3,7-dione, acetal 
formation, 70, 38 


3.5.6.7- Tetrahydro-l /7-pyrido[3,2,l -ij\ 

[3.1] benzoxazine-l,3-dione, reaction 
with amines, 70, 32 

reaction with P 4 S 10 ,70, 62 

1.5.6.7- Tetrahydro-3f/-pyrido[3,2,1 -ij] 

[3.1] benzoxazin-3-one, 70, 56 

6,10,11,1 la-Tetrahydropyrido[l,2-c] 

[l,3]benzoxazin-6-one, enantiomer 
separation, 70, 39 

1.2.3.4- Tetrahydro-9//-pyrido[3,4-b]indole, 
from tryptophan, 64, 55 

5.6.7.8- Tetrahydro-D/-pyrido[l,2-c] 
pyrimidines, 70, 66 

5.6.7.8- Tetrahydro-l/7-pyrido[l,2-c] 
pyrimidin-l-ones, 70, 66 

6.7.8.9- Tetrahydro-4//-pyrido[ 1,2- 
a]pyrimidin-4-ones, chromatography, 
63,107 

formylation, 63,190 

preparation by decarboxylation, 63,192 
spectra, 63, 112 
preparation, 63, 136, 63,176 
reaction with halogens, 63, 213 
reaction with nitrites, 63, 213 
reaction with aldehydes, 63, 215 
acylation, 63, 217, 63, 222 
reaction with dimethylformamide and 
phosphoryl chloride, 63, 218 
reaction with dimethylformamide 
dimethylacetal, 63, 218 
reaction with phosgene imminium chloride, 
63,220 

reaction with isocyanates, 63, 221 
photochemistry, 63, 234 
spectral data, 63,118 

Tetrahydropyrido[l,2-a]pyrimidines, 67, 297 

1.6.7.8- Tetrahydro-4//-pyri do[l ,2-a] 
pyrimidin-4-ones, reduction, 63,180 

6.7.8.9- Tetrahydro-4//-pyrido[l,2-a] 
pyrimidin-4-ones,69, 108 

1.23.4- Tetrahydro-6//-pyrido[l,2-a] 
pyrimidin-6-ones, 63, 160, 63, 162 

Tetrahydropyrimidines, from enaminones, 
67, 314 

3,4,6,7-Tetrahydro-2//-pyrimido[6,l-a] 
isoquinolin-2,4-dione, 70, 69 
1,6,7,116-//-2,7-Tetrahydro-2W- 

pyrimido[6,l-a]isoquinolin-2-ones, 
Bohlmann bands in infrared spectra, 
70,24 
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E-and Z-3,4,6,7-Tetrahydro-2//- 

pyrimido[6,l-a]isoquinolin-4-one, 

70,68 

1.2.3.4- Tetrahydropyrimido 

[4' ,5' :5,6] [1,2,4] triazino[4,3-i>]indazole- 

2,4-dione, 61, 305 

12,4,10-Tetrahydro-3//-pyrrolo[3,4-c] 

[1.5] benzothiazepin-3-ones, 63, 65 
5,6,7,8-Tetrahydroquinazolines, reduction, 

69, 385 

Tetrahydroquinolines, 64, 49 

1.2.3.4- Tetrahydroquinoline, reaction with 
rhenium sulfide to give biquinolines, 

67, 53 

1.2.3.4- Tetrahydroquinoline-8-carboxylic 
acid, 70, 56 

from hydrolysis of 

pyridobenzoxazindiones, 70, 31 
3-[2-(l,2,3,4-Tetrahydroquinolyl) 
propylamine, 69, 99 

Tetrahydro-l,2,5-thiadiazines, loss of sulfur, 
65, 69 

2.3.5.6- Tetrahydro-l,3-thiazin-4-one, 
oxidation, 66,174 

4.5.6.7- Tetrahydrothiazolo[3,2-(j] 
pyrimidines, synthesis, 69, 46 

Tetrahydrothiophene, loss of sulfur, 65, 71 
Tetrahydrothiopyrans, extrusion of sulfur, 
65, 54 

3,4,4a,5-Tetrahydro[l,2,4]triazino[6,l-c] 
benzoxazines, preparation and X-ray 
structure, 61, 271 

2.3.4.6- Tetrahydro[l,2,4]triazino[5,6-c] 
cinnoline-3-ones, 61, 236 

3,3a,4,5-Tetrahydro[l,2,4]triazolo[3,4-d] 

[1.5] benzothiazepines, 63, 80 
3,3',4,4'-Tetrahydroxy-2,2'-bipyridine-bis- 

N,N'- oxide, toxin from mushrooms and 
synthesis, 62, 407 

2.4.5.7- Tetraketooctane, oxidative cyclisation 
to pyrones, 69, 49 

Tetrakis(alkylchalcogeno)tetrathiafulvalenes, 
62, 270, 62, 282 

Tetrakis(ethyltelluro)tetrathiafulvalene, 62, 
282 

Tetrakis(methyltelluro)tetrathiafulvalene, 

62, 282 

Tetrakis(methylthio)tetrathiafulvalene, 62, 
285 

Tetrakis(vinylthio)tetrathiafulvalenes, 62, 

270 


Tetralithiotetraselenafulvalene, 62, 293 
alkylation, 62, 294 

reaction with dialkyl or diaryldisulfides, 
62, 295 

Tetralithiotetrathiafulvalene, reactions, 62, 
282 

a-Tetralone pyrrolidine enamine, reaction 
with dimethyl acetylene dicarboxylate, 
65, 4 

2.2.4.5- Tetramethyl-5-alkyl-l,3-dioxanes, 
conformations by 'H NMR, 69, 239 

4,4',5,5'-Tetramethyl-2,2'-biimidazole, 67,29 

3,3' ,5,5 1 -Te tramethyl-4,4' -bipy razole, 
coordination chemistry, 67, 23 

Tetramethyl-4,4'-bipyrazole, 67, 24 

2.2.3.6- Tetramethyl-5-chloro-l,3-dioxan, 
conformation, 69, 233 

Tetramethyl 2,3-dimethoxy-6,ll«- 
dihydropyrido[l,2-c] 

[1,3]benzothiazine-8,9,10,l 1- 
tetracarboxylate, 70, 62 

2.3.5.6- Tetramethyl-l,4-dioxane, isomers, 

69, 255 

Tetramethyl-l,3,2-dioxathiolane 2,2-dioxide, 
pinacol type rearrangement, 68,127,132 

2.2.5.5- Tetramethyl-3,4-dioxothiolane, 65, 
165 

Tetramethyl 6-methyl-llb7/-pyrido[2,l-«] 
phthalazine-l,2,3,4-tetracarboxylate, 69, 
120 

2,2',4,4'-Tetramethyloxetane-3-carboxylate, 
65,136 

2.2.6.6- Tetramethylpiperidin-4-one, reaction 
with dichlorocarbenes, 65, 125 

2.2.4.6- Tetramethyl-2//-pyran, 65, 286, 65, 
295 

reaction with acetylenic diesters, 62,108 
reaction with organometallic reagents, 

62, 85 

3,3,5,5-Tetramethyl-l,2,4,5-tetroxane, 
conformations, 69, 256 

2,2,4,4-Tetramethylthietan-3-one, 65, 162 

1.3.5.7- cfs-Tetraoxadecalins, conformations 
by NMR, 69, 251 

4,4',5,5'-Tetraphenyl-2,2'-biimidazole, 67, 29 

4,4',5,5'-Tetraphenyl-2,2'-bioxazoles, 

preparation and X-ray structure, 67, 32 

Tetraphenyl-4,4'-bipyrazole, 67, 243'- 

5,5',6,6'-Tetraphenyl-3,3'-bi-l,2,4-triazine, 
X-ray structure, 67, 69 
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4.4.5.5- Tetraphenyl-l,3,2-dioxathiolane 2- 
oxide, thermal rearrangement, 68,124 

photolysis, 68, 126 

Tetraphenylporphinatomanganese(III) 
chloride, as catalyst in oxidation of 
dienones with iodosobenzenes, 69, 8 

2.2.4.6- Tetraphenyl-2W-pyrans, 65, 295 

2.4.4.6- Tetraphenyl-4//-pyran, electrophilic 
substitutions, 62, 89 

Vielsmeier-Haack reactions, 62, 89 
X-ray structure, 62, 115 

2.3.4.5- Tetraphenyl-4W-pyran, Vielsmeier- 
Haack reactions, 62, 89 

Tetraphenylstannane, use in phenylation 
reactions, 62, 341 

(±)-Tetraponerine-T4 alkaloid, 70, 46 

Tetraponerine-T8 alkaloid, 70,46 

Tetraselenafulvalenes, lithiation, 62,292 

ar,hww-3,4,4,5-Tetrasubstituted oxanes, 
H-H coupling constants, 69, 224 

2.2.4.6- Tetrasubstituted-2W-pyrans, 65, 295 
reaction with organometallic reagents, 

62, 84 

reaction with acetylenic diesters, 62, 93 

2.4.4.6- Tetrasubstituted 4W-pyrans, 62, 67 
cleavage to cyclohexanones, 62, 94 

Tetrasubstituted pyrroles from enaminones 
and keto carbenes, 67, 227 

2.3.5.6- Tetrasubstituted pyrylium salts, 
conversion to 4H-pyrans, 62, 55 

reaction with a-diketones, 62, 56 
reaction with alkoxides, 62, 62 

Tetrasubstituted pyrylium salts, reaction with 
amines, 65, 306 

Tetrathiacyclophane, ring contraction, 65,80 

Tetrathiafulvalenes, photochemical 
dimerisation, 62, 252 
tetrathiation, 62, 255 
S-oxidation, 62, 252 

substituent effects on lithiation, 62, 256 
cis/trans isomerisation, 62, 252 
reaction with butyl lithium, 62,253 
reaction with free radicals, 62,256 
cycloadditions, 62, 257 
dienophile in hetero-Diels-Alder reactions, 
62, 257 

Tetrathiafulvalenecarboxylic acids, 

conversion to acid chlorides, 62, 262 
preparation, 62, 279 
decarboxylation, 62, 265 


ester formation via cesium salts, 62, 262 
reduction, 62, 264 

Tetrathiafulvalene-fused-l,3-dithiol-2-ones, 
phosphite coupling, 62, 267 
Tetrathiafulvalenetetrathiolate anion, 62,284 
Tetrathiafulvalenethiobenzoate, hydrolysis, 
62, 267 

Tetrathiafulvalenyllithium, preparation, 62, 
253 

disproportionation of multilithium species, 
62, 254 

Tetrathianes, loss of sulfur, 65, 82 
Tetrathiofulvalenisocyanate, preparation 
from acid chloride, 62, 264 
1,2,4,5-Tetrazines, reaction with ambiphilic 
carbenes, 65, 174 1,2,4,5-Tetrazine C- 
nucleosides, 68, 394 
Tetrazole C-nucleosides, 68, 339 
Tetrazole carbocyclic C-nucleosides, 68, 

339 

Tetrazolo-l,3-benzothiazin-4-ones, 66,168 
Tetrazolo[5,l-4][l,5]benzothiazepines, 63, 83 
Tetrazolo[l,5-bjisoquinoline-5,10-diones, by 
thermolysis of 2,2-diazido-l,3- 
indanedione, 61,184 
alkaline hydrolysis, 61,188 
Tetrazolotetrazepines, 66, 35 
123,4-Tetrazolo[5',l':6,l][l,2,4]triazino[4,5-i>] 
indole, 61, 303 

3-(lH-Tetrazol-47/-pyrido[l,2-a]pyrimidin- 
4-ones, 63, 248 
3-(l//-Tetrazol-5-yl)-9- 

(dimethylcarbamoylthio)-4/7- 
pyrido[l,2-<j]pyrimidin-4-one, 63,197 
A-(5-TetrazoIyl)hydrazones, bromination, 
63,284 

chlorination, 63, 286 
3-(5-Tetrazolyl)-4tf-pyrido[l ,2-a] 
pyrimidines, alkylation, 63,197 
3-(l//-Tetrazol-5-yl)-4//-pyrido[l,2-a] 
pyrimidin-4-ones, 63, 146 
3(l//-Tetrazol-5-yl)thieno[2,3-rf]pyrimidin- 
4(3//)-ones, 66,199 

2- (D-Tetritol-l-yl)benzimidazoles, heating 

with zinc(II) chloride, 70, 182 
2(p-arabino-Tetritol -1 - 

yI)benzo[f]quinoxaline, 70, 291 

3- (D-arabmo-Tetritol-l-yl)cinnoline, 70, 

215 

2-(D-aroW«o-Tetritol-l-yl)-5-(2-deoxy-D- 
arabino- tetritol-lyl)pyrazine, 68, 383 
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2- (Dn'6o-Tetritol-l-yl)imidazole, acid 

catalysed cyclisation, 68, 278 
synthesis, 68, 283 

4- (D-araftmo-Tetritol-l-yl)imidazolidin-2- 

one, preparation, 68, 288 

5- (D-araftwo-Tetritol-l-yl)-imidazo[2,l-6] 

thiazolium olate, reaction with 2- 
bromophenylacetic acid, 70,191 
(4-D-ara6ino-Tetritol-l-yl)oxazole-2-thione, 
68, 316 

3- (D-marmo-Tetritol-l-yl)pyrrolo[2,3-6] 

pyridine, preparation, 70, 198 
3-(D-ara6wo-Tetritol-l-yl)-l,5,6,7- 

tetrahydroindol-4-ones, preparation, 

70, 172 

6- (Tetritol-l -yl)-l ,2,4-triazines, 

cyclodehydration, 68, 391 
Tetrodotoxin, structure, 69, 351 
2-(a-or /3-D-Tetrofuranosyl)benzimidazoles, 
preparation, 70,183 
Tetronic acid, 67, 221 
Pd(0) catalysed allylation, 66, 79 
r-Tetroxane, conformations, 69, 256 
Thehaplosine, 70, 148 
ll-Thiabenzo[a]fluorene, 63, 358 
Thiabicyclo[3,l,0]hexanes, 65,163 
l-Thia-2a, 5a-diazaacenaphthene, 63, 228 

1.3.5- Thiadiazepinones, extrusion of sulfur, 
65,52 

Thiadiazide dioxide, 65, 27 

1.2.6- Thiadiazines, loss of sulfur. 65, 62 

1.3.5- Thiadiazines, conversion to imidazoles, 
65, 69 

6ff-l,3,4-Thiadiazines, ring contraction to 
pyrazoles, 65, 62 

1.2.5- Thiadiazole 1,1-dioxide, 68, 91 

1,2,5-Thiadiazole 1-oxide, 68, 91 

1,3,4-Thiadiazoline acyclo C-nucleosides, 

68, 335 

1.3.4- Thiadiazoline C-nucleosides, 68, 335 

1.3.4- Thiadiazolidin-2-iminium cation, 66,52 

1.3.4- Thiadiazolines, olefin formation, 65,40 
ring chain tautomerism, 66, 44 

Thiadiazolium betaines, reaction with acetic 
anhydride to give l,3-thiazin-4-ones, 

66,139 

1.3.4- Thiadiazolo[2,3-c][l,2,4]triazinium 
cations, 64, 195 

1.3.4- Thiadiazolo[2,3-c][l,2,4]triazinium-7- 
imide, 64, 223 


[l,2,5]Thiadiazolotroponoids, 64, 115 
Thiadisphosphetane, 65, 75 
Thiangazole, 67, 35 
Thiaporphines, loss of sulfur, 65, 76 
Thiatropocin, see [l,2)oxathiolotropothione 

1,4-Thiazepins, from carbene ring expansion, 
65,193 

Thiazetidine, ring transformation by 

diethylaminopropyne to 2-imino-l,3- 
thiazin-4-ones, 66, 139 

1.2- Thiazetidine-l,l-dioxide, 64, 5 

1.3- Thiazines, loss of sufur to give pyrroles, 

65, 55 

4//-l,3-Thiazines- thermolysis to 2W-thiazine, 
65,24 

1.4- Thiazines, from enaminones, 67, 226 

1.3- Thiazinium salts, 67, 308 

12,4,6,7,116-[l,3]Thiazino[4,3-a]isoquinolin- 

4-imines, ‘H NMR spectroscopy, 70, 20 

1.3- Thiazin-4-ones, hydrolysis, 66,175 
biological activity, 66,185 

1.3- Thiazinones, from diazo compounds and 

isothiazolones, 65, 190 

1.3- Thiazin-2-yl acyclo C-nucleosides, 68,389 

1.3- Thiazin-6-yl C-nucleosides, 68, 389 
Thiazofurin acyclic analogues, preparation, 

69,150 

Thiazole, coupling with 2- 

trimethylsilylthiazole to give 2,2’- 
bithiazole, 67, 33 

1.2.4- Thiazole homo C-nucleosides, 68, 326 
Thiazole-4,5-dicarboxylic acid, from 

thienotropolones, 66, 367 
Thiazole-1,1-dioxides, ring enlargement to 

l,3-thiazin-4-ones, 66,139 

1.3- Thiazole-2-thiones, 64,191 
4(R)-Thiazolidinecarboxylic acid, from l- 

cystine, 64, 24 

2-Thiazolidine-4-carboxylic acid, 64, 25 
Thiazolidine-2,4-dicarboxylic acid, from 
cystine and glyoxylic acid, 64, 24 
Thiazolidines, ring chain tautomerism, 66,43 

1.2- Thiazolidinones, loss of sulfur, 65, 73 
Thiazolidinothieno[2,3-d]pyrimidines, 66, 

215 

Thiazolin-5-ones, 64, 25 

1.3- Thiazolium-4-olates, ring contraction, 

65, 74 

1,2-Thiazolium salts, rearrangement to 
pyrroles, 65, 56 
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ThiazoIo[2,3-d][l ,5]benzothiazepines, 63, 79 
Thiazol-4-one-2-thione, Pd(0) catalysed 

reaction with cinnamyl ethyl carbonate, 

66,86 

Thiazolopyrimidines, via thermal cyclization 
of enaminones, 67, 315 
Thiazolo[2,3-i>]pyrimidines, 64, 48 
Thiazolo[5,4-b]pyrimido[6,l-a]isoquinolin-5- 
ones, preparation, 70, 48 
Thiazolo[2,3-6]quinzolinone, preparation, 

69, 457 

Thiazolo[2,3-b][l,3,4]thiadiazine, 64, 221 
Thiazolo[2,3-h][l,3,4]thiadiazoIes, 64, 196 
Thiazolo-l,3-thiazin-4-ones, 66, 166 
Thiazolo[3',2':2,3][l,2,4]triazino[5,6-f>] 
indoles, 61, 288 
biological activity, 61, 290 
Thiazolo[3',4':2,3][l ,2A]triazino[5,6-b] 
indoles, 61, 290 

Thiazolo[2,3-c]-l,2,4-triazole, 63, 296 
Thiazolo[2,3-c]triazole, 63, 285 
Thiazolo[3,2-h][l,2,4]triazole, preparation, 
69, 326 

alkylation at N- 1, 69, 327 
bromination, 69, 329 
spectra, 69, 330 

spectral comparison with thiazolo[2,3-c] 
[l,2,4]triazoles, 69, 330 
mass spectral data, 69, 332 
biological properties, 69, 33 
Thiazolotropolone, aromaticity, 66, 357 
Thiazolotropolone amide, dehydration to 
nitrile, 66, 360 

Thiazolotropone, ir spectra, 66, 302 
4-(2-Thiazolyl)aminoisoxazoles, cyclisation, 
69, 286 

2-Thiazolyl C-nucleoside, preparation, 68, 
308 

2-Thiazolylhydrazones of aromatic 

aldehydes, oxidative cyclisation, 69, 46 
Thiazyl chloride, precursor of 

dithiadiazolylium cations, 62, 146 
ring expansions, 62, 147 
reaction with S 8 and SC1 2 , 62, 147 
reaction with norbornadiene, 62, 148 
reaction with nitriles, 62,148 
in situ preparation from ammonium 

chloride and sulfur dichloride, 62,149 
reaction with tetrachloroethylene, 62, 152 
Thiazyl trichloride, reaction with thioamides, 
62, 300 


Thieno[2,3-c]acridines, 70, 144 
Thieno[2,3-h][l,5]benzothiazepines, 63, 71 
Thieno[3,2-6][ 1,5]benzothiazepines, 63, 72 
Thieno[3,4-6][l,5]benzothiazepines, 63, 73 
Thieno[3,4-c][l,5]benzothiazepines, 63, 74 
Thieno [2,3-6] [ 1,5] benzothiazcpin-4(5//j- 
one, reaction with piperazines, 63, 72 
Thicno[3,2-6][l,5]bcnzothiazcpin-10(9/7)- 
one, 63, 72 

Thienoditropones, 64, 118 
Thienomycin, 65, 108 
Thieno[3,2-c][l,5] or [l,6]naphthyridines, 

62, 363 

Thieno[c]naphthyridines, 62, 363 
Thieno[2,3-d]oxazin-4-ones, transformation 
to thieno[2,3-d]pyrimidin-4-ones, 66,218 
Thieno[3,2-d]-l,3-oxazin-4-ones, 
rearrangement to thieno [3,4-d] 
pyrimidines, 66, 267 
Thieno[2,3-d]oxazinones, reaction with 
amines, 65, 244 

Thienopyridines, from A'-allyl-N- 
thiophenylenaminones, 67, 293 
Thieno[3,4-6]pyridine, synthesis, 68, 186 
Thieno[4,3-6]pyridine, synthesis, 68, 186 
Thieno[2,3-6]pyridine-5-carboxylates, 
synthesis, 67, 292 

Thieno[3,2-6)pyridone, from 3-amino-2- 
methoxycarbonylthiophene, 67, 293 
Thieno[3,2-d]pyrimidines, physical 

properties and biological activities, 66, 
254 

reaction with electophilic reagents, 65, 

256 

biological activity, 65, 267 
Thieno[2,3-d]pyrimidines, bromination, 
nitration, formylation at C-6, 66, 224 
metal complexes, 66, 230 
properties, spectra, 65, 237, 66, 231 
biological activity, 65, 266 
nitration, 65, 250 
reduction, 65, 252 

Thieno [3,4-d] pyrimidines, biological activity, 
65, 268 

physical properties and biological 
acitivities, 66, 272 

Thieno[2,3-d]pyrimidin-2(l//),4(3//)- 
diones, 65, 246 
mass spectra, 65, 237 
from uracils, 65, 238 
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reaction with phosphoryl chloride, 65, 253 
synthesis, 66, 195 
analgesic activity, 66, 232 
Thieno[3,2-d]pyrimidine-2,4-(l//,3//)- 
diones, reaction with phosphoryl 
trichloride, 65, 260, 69, 198 
Thieno[3,4-d]pyrimidin-2,4(l J/,3//)-dione, 
65, 263, 66, 258 

reaction with phosphoryl trichloride, 65, 
266 

mass spectra, 65, 237 
Thieno[3,2-d]pyrimidine-2,4-dione-7- 
carbaldehyde, 66, 245 
Thieno[2,3-d]pyrimidin-2(ltf),4(3//)~ 
dithiones, 65, 248, 66, 204 
Thienopyrimidin-4(3//)-ones, 66, 236 
conversion to chloro analog, 66, 221 
hydrolytic cleavage, 66, 226 
silylation, 66, 223 

Thieno[2,3-d]pyrimidin-4(377)-one, 
bromination and nitration, 65, 250 
methylation, 65, 253 

thionyl chloride/dimethylformamide, 65, 
254 

synthesis, 66,195 
analgesic activity, 66, 232 
Thieno[2,3-d]pyrimidin-2(l/7)-one, 65, 243, 
66,197 

methylation, 65, 252 
silylation, 65, 253 

reaction with phosphoryl chloride, 65, 253 
Thieno[3,2-d]pyrimidin-4(377)-ones, 65, 256 
alkylation, 65, 260 

reactions with phosphorus trichloride and 
phosphorus tribromide, 65, 260 
chlorination, 66, 248 
alkylation on N- 3, 66, 248 
Thieno[3,4-rf]pyrimidin-4(3Tf)-one, 65, 262 
electrophilic halogenation, 65, 264 
reaction with phosphorus pentasulflde, 

65, 265 

alkylation, 65, 265 

Thienopyrimidin-4-one-2( l/f)-thiones, 66, 
241 

Thieno[2,3-d]pyrimidin-2(17/)-one-4(37/)- 
thiones, 66, 209, 65, 247 
Thieno[2,3-d]pyrimidin-4(3/7)-one-2(l//)- 
thiones, 65, 247, 66, 198, 66, 201 
synthesis, 66, 195 

Thieno[2,3-d]pyrimidin-2(l/7)-thione, 
alkylation, 65, 254 


Thieno[2,3-d]pyrimidin-4(3//)-thiones, 65, 
248, 66, 209, 66, 219 
Thieno[3,2-d]pyrimidine-4(3// )-thione, 
alkylation, 65, 261 

reaction with phosphoryl trichloride, 65, 
261 

V-(Thieno[2,3-d]pyrimidin-2-yl)cyanamides, 

66,200 

7/3-(Thienopyrimidin-2- 

ylthioacetamido)cephalosporanic acids, 
antibacterials, 66, 234 

Thieno[3,4-c]quinolinone, synthesis, 68, 186 
Thieno[ ]tellurapyrones, 63, 31 
Thieno[2,3-e][l,2,4]triazino[4,3-6] 
[l,2,4]triazines, 61, 298 
Thienotropolones, pKa values, 66, 330 
chromium tricarbonyl complexes, 66, 331 
Thienotropone, 65, 97 
Thieno[6]tropone, calculation of electronic 
spectra, 66, 301 
mass spectra, 66, 306 
Thieno[c]tropones, IR spectra, 66, 304 
mass spectrum, 66, 306 
Raman spectra, 66, 307 
aromaticity, 66, 308 
photochemistry, 66, 329 
basicity, 66, 331 

reaction with active methylene compounds, 
66, 339 

5,5-dioxides, 66, 352 
bromination, nitration and sulfonation, 
66,354 

reaction with sulfur ylides, 66, 364 
antioxidants, 66, 392 

Thieno[c]tropylium ions, electrochemical 
reductions, 66, 382 
reaction with phenyllithium, 66, 385 
reaction with malononitrile, 66, 383 
Thieno[c]tropylium salts, 64, 131 
Thienotropylium ions ’H NMR, 66, 314 
UV spectra, 66, 319 
theoretical studies, 66, 319 
metal complexes, 66, 379 
hydrolysis, 66, 381 

3-(2-Thienyl)allyl phenylpropiolates, 
intramolecular reactions, 63, 393 
3-(3-Thienyl)allyl phenylpropiolates, 
intramolecular reactions, 63, 393 
3-(Thien-2-yl)amino-2-cyano-3- 

methylthioacrylonitriles, 66, 200 
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1.4- di(3-Thienyl)-l,4-butanedione, 

conversion to furans, 69, 22 
V-(2-Thienyl)chloroformamidines, reaction 
with zV-cyanomorpholine, 65,241 

1- (2-Thienyl)cyclooct-l-ene, Diels-Alder 

reactions, 63, 366 

2.5- di(3-Thienyl)furan, preparation, 69, 22 

2- (2-Thienyl)glyoxal-l-V- 

carbamoylhydrazones, bromination, 63, 
288 

4-(2-Thienyl)imidazoles, synthesis, 69, 36 

2-Thienylstannanes, use in preparation of 
thieno[3,2-c][l,5] or [l,6]naphthyridines, 
62, 363 

2- (2-Thienylthio)-l-piperazinecarboxanilide, 

precursor to thienyl[2,3-b] 
[l,5]benzothiazepines, 63, 72 
Thiepins, sulfur elimination, 65, 45 
Thietanes, 65, 75 

loss of sulfur to give cyclopropanes, 65,76 
Thietanones, 65, 162 
“Thiiradialene”, 65,161 

3- Thioacetyl-l-methylpyrrole, alkylation and 

cycloaddition reactions 63, 347, 63, 373 
2-Thiobarbituric acid, Pd(0) catalysed 
allylation, 66,116 

1- Thiobenzoylhydrazinopyranose, ring chain 

tautomerism, 66, 45 

Thiobenzoylisocyanate, [2+4]cycloaddition 
with 1-morpholinocyclohexene, 66,150 
condensation with ethyl 

sodiocyanoacetate, 66,133 
Thiobenzoylketenes, cycloadditions with 
diisopropylcarbodiimide, 66,139 

2- Thiocarbonylphenylpyrrolidines, 

cyclisation, 65, 24 
Thiocarbonyl ylides, as reaction 
intermediates, 65, 110 

4- Thiocarboxamidothiazol-2-yl C- 

nucleosides, 68, 310 

Thiochroman-4-ones, reaction with diethyl 
diazomalonate, 65, 168 
a-Thiocyanoacetophenones, as intermediates 
in synthesis of 2-hydroxythiazoles, 69,44 

2- Thiocyanobenzoyl chloride, acid catalysed 

cyclisation to 2-chlorobenzo-l,3-thiazin- 
4-ones, 66, 144 

3- Thiocyanobenzoyl chloride, cyclisation 

with phosphorus pentachloride to 2- 
chloro-5,6-dichloro-l,3-thiazin-4-ones, 
66, 149 


cis/trans-iused 2- 

Thiodecahydroquinazolines, El mass 
spectra, 69, 445 

Thiolactams, reaction with bromomethyl 
ketones, 67, 211 

3- Thiomethylpyrazolotropones, 64, 105 
2-Thio-5-(o-nitrobenzyl)-6-azauracil, 

precursor to [l,2,4]triazino[5,6-£>] 
[quinolines, 61, 224 

4- Thiono-l,3-oxazine, 5-alkylation to 3- 

azapyrylium salts, 64, 350 
2(or 3)-Thiopheneboronic acid, Pd catalysed 
thiophenylation of halopyridines, 62,358 
Thiophene-2,3-dicarbohydroxamates,Lossen 
rearrangement, 65, 247 
Thiopheno[2,3-c]thiophenes, 65,166 
2-Thiopseudouridine, 68, 367,375 
2-Thiopseudouridine acetate, 68, 369 
2/f-Thiopyrans, from [4+2] cycloadditions of 
thioenaminones with dienophiles, 67,267 
4/J-Thiopyrans, from [4+2] cycloadditions of 
thioenaminones with dienophiles, 67,267 
Thiopyrano[3,4-c]pyridazine, preparation, 

68, 195 

Thiopyranotropone, 64, 100 
2-(Thiopyridine)-V-(2,5-anhydro-aldonate), 
photolysis, 70, 205 
2-Thiopyridine-l-(2,3- 

benzoy loxycyclobutanoate), 
photoirradiation, 68, 348 
2-Thiopyridone-/V-(2,5-anhydro-3-deoxy)-D- 
allonoate, photolysis, 70,193 

2- Thiopyrimidines, 67, 311 

4-Thiopyrimidines, from enaminones and 

acyl isothiocyanates, 67, 310 
Thiotropocin, 13 C NMR, 66, 293 
‘H NMR, 66, 288 
UV spectra, 66, 300 
mass spectra, 66, 307 

3- Thio-23,5-triphenyl-l,4,3- 

oxathiaphospholane, from 
rearrangement of 5-thiono-2,4,5,6- 
tetraphenyl-l,3,5-dioxaphosphorinane, 
61, 65 

2-Thiouracil, Pd(0) catalysed allylation, 66, 
111 

2-Thioureidoglucopyranoses, 70, 181 
2-Thioxo-l,2'-bibenzimidazole, from 
benzimidazole-2-thione, 67, 37 
2-Thioxo-2,3-dihydroquinazolidin-4(l//j- 
one, El mass spectra, 69, 445 
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2- Thioxo-2,3-dihydro[l,2,4]triazino 

[6,5-c]isoquinolin-6-one, 61, 232 

3- Thioxofuro[2,3-d]imidazol-6-yl acyclo C- 

nucleosides, ring opening, 70, 182 

4- Thioxo-l,3,4,6,7,116-hexahydro-2tf- 

pyrimido[6,l-a]isoquinolin-2-one, 
reaction with mercury salts, 70, 46 
2-Thioxooctahydro-2tf-l,3-benzoxazines, 
conformations, 69, 410 
2-Thioxooctahydro-2tf-3,l-benzoxazines, 
conformations, 69, 410 
fragmentation 69, 441 
cii-fused 2-Thioxooctahydro-l//- 

cyclopentapyrimidin-4-one, El mass 
spectra, 69, 445 

diendo-2-Thioxooctahydro-5,8-methano-l,3- 
benzoxazines, conformations, 69, 412 
d('endo-2-Thioxooctahydro-5,8-methano-3,l- 
benzoxazines, conformations, 69, 412 
rranj-fused 2-Thioxo-l,2,3,4,4a,5,8,8a- 

octahydroquinazolines, El mass spectra, 
69, 445 

2-Thioxo-5-oxazolidinyl reverse C- 
nucleosides, preparation, 68, 301 
1 -Thioxo-3-oxo-hexahydropyrido[l ,2-c] 
pyrimidines, 70, 73 

2-Thioxoperhydro-l,3-benzoxazine, 69, 365 
2-Thioxoperhydro-l,3-oxazin-4-ones, 
isomerisation, 69, 382 

1- Thioxoperhydropyrido[l,2-c]pyrimidin-3- 

one, 70, 67 

2,4-Thioxoperhydroquinazoline, 69, 396 
4-Thioxopyrazolo[l,5-a]l,3,5-triazin-3-yl C- 
nucleosides, 70, 302 

4-Thioxopyrimidine-5-carbonitriles, reaction 
with alkylating agents, 66, 217 

2- Thioxotetrahydrooxazines, synthesis, 69, 

364 

4-Thioxothieno[3,2-d]pyrimidines, 65, 257 

3- Thioxo-l ,2,4-triazolo[3' ,4' :6,1 ] 

[l,2,4]triazino[4,5-6]indazole, 61, 

303 

D,L-Threonine, reaction with formaldehyde 
to give oxazolidinecarboxylate, 64, 22 
2',3'-sec0-Thymidine analogues, synthesis, 
67, 410 

Thymine, Pd(0) catalysed allylation, 66, 107 
in presence of trisodium 

triphenylphosphine trisulfonate, 66, 
111 


ara- Tiazofurin, see 2-/3-D-arabinofuranosyl-4- 
carboxamidothiazole 
Tiazofurin, see 4-carboxamido-2-/3-D- 
ribofuranosylthiazole 
Tiazofurin-5'-monophosphate, 68, 309 
Tiazofurin-5'-triphosphate, 68, 309 
Tin compounds in coupling reactions, 62,330 
Tirandamycin A, synthesis, 67, 263 
[/3-(p-Toluenesulfonyl)alkylidene]carbenes, 
conversion to 2-cyclopentenones, 69, 30 
l-0-p-Toluenesulfonyl-2,3-0- 

isopropylidene-D-glycerol, 69, 175 

1- p-Toluenesulfonyl-3-vinylindole, reaction 

with tetracyanoethylene, 63, 374 
3-p-Toluenethio-2-pyrone, preparation and 
oxidation, 65, 305 

p-Toluidine derivatives of V-Cbz-L-Th, 
aziridine synthesis, 64, 3 

2- o-Toluidinothieno[3,2-d]pyrimidin-4-one, 

66, 248 

9- (p-Tolyl)-9-azidotelluroxanthene, 
thermolysis, 63, 46 

ll-(p-Tolyl)dibenzo[f>,/][l,4]tellurazepine, 

63,46 

[A'-(p-Tolylsulfonyl)imino]phenyliodinane, 
decomposition and reaction with olefins, 
69, 11 

5'-(4-Tolylsulfonyloxy)pseudouridine, 68, 
370 

9-(p-Tolyl)-10-telluroniaanthracene, 63, 37 
reactions with nucleophiles, 63, 45 
9-(p-Tolyl)-telluroxanthenol, reduction, 
63,37 

9-(p-Tolyl)-telluroxenthene, 63, 37 
Tosylhydrazonouracil sodium salt, 
thermolysis, 65, 121 

a-Tosyloxyacetophenones, conversion to 
imidazothiazoles, 69, 46 
conversion to imidazothiadiazoles, 69, 47 

2- (a-Tosyloxy)acylphenyl benzoates, 

cyclisation to coumaran-3-one 
dimethylacetals, 69, 19 
a-Tosyloxyketones, preparation, 69, 4 
precursors for 3-substituted benzofurans, 
69, 19 

3- Tosyloxy-l ,2-propanediol, as precursor of 

acylonucleosides, 68,16 
V-Tosyl-2-vinylpyrrole, reaction with 
tetrabromocyclopropane, 63, 360 
Toyocamycin, in preparation of nucleosides, 

67, 405 



CUMULATIVE SUBJECT INDEX, VOLUMES 61-70 


501 


Toxoflavin see xanthothricin 

Transannular oxidative cyclisation reactions 
to give bicylic ethers, 69 , 61 

(±)-Trachelanthamidine, 65, 110; 67, 234 

Trequinsen, as antihypertensive, 70, 3 

Triacetic acid lactone, see 4-hydroxy-6- 
methyl-2-pyrone 

1.2.3- Triacetoxy-l -methoxypropane, 
reaction with pertrimethylsilyl 
derivatives of /V-benzoyladenine, 68, 60 

2',3',5'-Tri-0-acetyl pseudouridine, 68, 391 

7-(2',3' ,5' ,-Tri-0-acety]-/3-D- 

ribofuranosyl)thieno[3,2-d]pyrimidin- 
4(3H)-one, conversion to thione, 66,250, 
66, 269 

2.2.5- Trialkyl-l,3-dioxanes, conformations, 
69 , 240 

2-Trialkylsilyloxy-4#-pyran, oxidative 
decomposition, 62 , 74 
bromination, 62 , 90 
conversion to pyrones, 62 , 95 

2.4.5- Triamino-6-hydroxypyrimidine, 69 , 170 

2.4.6- Triaminopyrimidin-4-one, 
condensation with aldehydo-5-deoxy-L- 
arabinose semicarbazone, 70, 272 

2.5.6- Triaminopyrimidin-4-one, in 
preparation of dictyopterin, 70, 268 

2.4.5- Triarylimidazoles, oxidation, 67, 28 

2.4.6- Triarylpyrylium perchlorates, ring 
conversion to 27/-pyrans, 62 , 56 

2.4.6- Triarylpyrylium salts, reaction with 
alcohols, 65, 310 

reaction with 

tris(dimethylamino)phosphine, 65, 

316 

6,8,9-Triazaflavin see 6,8,9-triazaisoalloxazine 

3.5.7- Triaza-7-phosphaadamantane, 
synthesis, 61, 75 

s-Triazines, 64 , 223 

1.2.4- Triazines, 64 , 34 

1.3.5- Triazine C-nucleosides, 68, 394 

1.2.4- Triazine homo C-nucleosides, 68, 391 

[1.2.4] Triazino[4,3-a]azepines, 61 , 282 

1.3.5- Triazino[l,2-a]benzimidazole, 64 , 221 

[1.2.4] Triazino[3,4-c][l,4]benzothiazines, 61 , 
274 

[1.2.4] Triazino[6,l-c][l,4]benzothiazines, 61 , 
274 

[1,2,4 ]Triazino[6,5-6][ 1 ,4]benzothiazines, 61 , 
274 


[1.2.4] Triazino[4,3-c]benzo[l,2,3]triazines, 
61, 275 

[1.2.4] Triazino[3,4-c][l,4]benzoxazines, 61, 
272 

[1.2.4] Triazino[6,l-c][l,4]benzoxazines. 61, 
271 

[1.2.4] Triazino[5,6-c]cinnolines, 61, 236 

[1.2.4] Triazino[4,3-a] [1,4]diazepines, 
preparation and biological activity, 61, 
284 

[1.2.4] Triazino[4,3-d][l,4]diazepines, 61, 286 

[1.2.4] Triazino[5,6-6][l,4]diazepines, 61, 284 

[1.2.4] Triazino[6,l-dj[l,3,5]dioxazines, 61, 
281 

[1.2.4] Triazinoisoalloxazines, 61, 270 

Triazino[5,6-c]isocoumarines, 61, 234 

[1.2.4] Triazino[2,3-6]isoquinolines, 61, 231 

[1.2.4] Triazino[3,2-a]isoquinolines, 61, 229 

[1.2.4] Triazino[3,4-a]isoquinolines, 61, 229 

[1.2.4] Triazino[5,6-c]isoquinolines, 61, 231 

[1.2.4] Triazino[6,l-a]isoquinolines, 61, 230 

[1.2.4] Triazino[6,5-c]isoquinolines, 61, 232 

[1.2.4] Triazino[6,l-a]isoquinolinium-l-oate, 
photolysis, 61, 230 

[1.2.4] Triazinoloponeoximine, 66, 375 

[1.2.4] Triazino[6,5-/][l,7]naphthyridines, 61, 
232 

1.2.4- Triazin-6-one, 64 , 35 

[1.2.4] Triazino[4,3-d][l,3,4]oxadiazines, 61, 
279 

[1.2.4] Triazino[5,6-e][l,3,4]oxadiazines, 61, 
279 

[1.2.4] Triazino[6,5-e][l,2,3]oxathiazines, 61, 
281 

[1.2.4] Triazino[4,3-a]perimidine, 61, 264 

[1.2.4] Triazino[4,3-/]phenanthridines, 
synthesis and fungicidal activity, 61, 229 

[1.2.4] Triazino[3,4-a]phthalazines, 61, 236 

2//[l,2,4]Triazino[3,4-c]phthalazin-3(4//)- 

one, 61 , 237 l,2,4-Triazino[3,4-a] 
phthalazin-3-yl acyclo C-nucleosides, 

70, 218 

1.2.4- Triazino[l,5-a]pyridin-2-yl C- 
nucleosides, 70, 203 

1.2.4- Triazino[4,3-a]pyridin-3-yl C- 
nucleosides, 70, 203 

l^,4-Triazino[l,5-a]pyridin-2-yl acyclo C- 
nucleosides, 70, 204 

l,2,4-Triazino[4,3-a]pyridin-3-yl acyclo C- 
nucleosides, 70, 203 
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Triazinopyridoindole, 61 , 212 

[1.2.4] Triazino[l,6-c]quinazolines, 61 , 265 

[1.2.4] Triazino[4,3-c]quinazolines, 61 , 267 

[1.2.4] Triazino[6,l-6]quinazolines, 61 , 265 

[1.2.4] Triazino[3,2-6]quinazoline-3,10-dione, 
thiation, 61, 309 

[1.2.4] Triazino[6,l-6]quinazoline-4,10- 
diones, 61, 265 

[1.2.4] Triazino[6,l-6]quinazoline-10-one, 61 , 
265 

[1.2.4] Triazino[2,3-a]quino!ines, 61 , 263 

[ 1,2,4]Triazino[3,2-6]quinolincs, 61 , 263 

[1.2.4] Triazino[3,4-fi]quinolines, 61, 264 

[1.2.4] Triazino[4,3-a]quinolines, 61 , 224, 61 , 
263 

1.2.3- Triazino[4,5-c]quinolines, preparation 
from aminoquinolines, 68, 197 

[1.2.4] Triazino[5,6-c]quinolines, 61 , 226 
biological and spectral features, 61 , 227 

[1.2.4] Triazino[5,6-/]quinolines, 61 , 228 

[1.2.4] Triazino[6,5-cjquinolines, 61 , 227 

[l,2,4-Triazino[4,3-a]quinolin-2-yl acyclo C- 

nucleosides, 70, 209 

[1.2.4] Triazino[5,6-6]quinoxalines, 61 , 270 

[1.2.4] Triazino[5,6-6]quinoxaline-l,2,4-tri-lV- 
oxides, preparation from o- 
azidoloquinoxalines, 61, 270 

[1.2.4] Triazino[4,3-£>][l,2,4,5]tetrazines, 61 , 
281 

[1.2.4] Triazino[3,4-6][l,3,4]thiadiazines, 
fungicidal and light sensitive 
photographic materials, 61 , 280 

[1.2.4] Triazino[5,6-e][l,3,4)thiadiazines, 61 , 
280 

[ 1,2,4]Triazino [3' ,4' :2,3] [ 1,3,4] t hiadi 
azino[5,6-c]cinnolin-9-one, 61 , 280 

[1.2.4] Triazino[3,2-6][l,3]thiazines, 61 , 273 

[1.2.4] Triazino[3,4-6][l,3]thiazines, 61 , 273 

[1.2.4] Triazino[4,3-6][l,2,4]triazepines, 61 , 
286 

[1.2.4] Triazino[4,3-d][l,2,4]triazepines, 61 , 
287 

1.3.5- Triazino[l,2-f>][l,2,4]triazines, 61 , 278 

1.3.5- Triazino[2,l-c][l,2,4]triazines, 61 , 278 

1.3.5- Triazino [2,1 -/] [ 1,2,4]triazines, 61 , 278 

[1.2.4] Triazino[4,3-f>][l,2,4]triazines, 61 , 276 

[1.2.4] Triazino[6,5-e][l,2,4]triazines, 61 , 277 

Triazino[4,3-6][l,2,4]triazolo[3,4-f| 

pyridazine, 61 , 235 

1.2.4- Triazinotropone, 64 , 110 


Triazinotropones, reaction with 
cyclopropenes, 66, 368 

l,2,4-Triazin-6-yl acyclo C-nucleosides, 68, 
393 

l,2,4-Triazin-6-yl carbocyclic C-nucleosides, 
68, 392 

1.2.4- Triazin-6-yl homo C-nucleosides, 68, 
392 

1.2.4- Triazin-5-yl C-nucleosides, 68, 390 

1.2.4- Triazin-6-yl C-nucleosides, 68, 391 

1.2.3- Triazoles, from [3+2]-cycloaddition of 
azidoarenes to enaminones, 67, 259 

1.2.4- Triazole, 64, 25 

Pd(0) catalysed allylation, 66, 91 

1.2.3- Triazole C-nucleosides, 68, 318 

1.2.4- Triazole C-nucleosides, 68, 324 

1,2,4-Triazole carbocyclic C-nucleosides, 68, 

326 

1.2.3- Triazole homo C-nucleosides, 68, 319 

1.2.4- Triazole-5-thione, Pd(0) catalysed 
allylation, 66, 91 

1.2.4- Triazolidine-3-thione, ring chain 
tautomerism, 66, 26, 66, 51 

protonation, 66, 52 

1.2.4- Triazoline-3,5-diones, by oxidations of 
urazoles, 67, 120 

use in detecting conjugated dienes, 67,189 
Triazolinedione ylides, from diazo 
compounds and 4-phenyl-l,2,4- 
triazoline-3,5-dione, 67,183 

[l,2,4]Triazolo[5,l-d][l,5]benzothiazepines, 
63,81 

[l^,4]Triazolo[3,4-d][l,5]benzothiazepines, 

63,79 

s-Triazolo[3,4-6]benzothiazole, 63, 325 
Triazolo-l,3-benzothiazolin-4-ones, 66,167 

1.2.4- Triazolo-bridgehead heterocycles, 
synthesis, 69, 46 

1.2.4- Triazolo[5,l-f>]indazoles, 64, 197 
1/7-1,2,4-Triazoloindazole, 64, 229 

1.2.4- Triazolo[3,4-f>]oxadiazoles, 63, 297 

1.2.4- Triazolo[5,l-6][l,3,4]oxadiazoles, 
synthesis, 69, 279 

1.2.4- Triazolo[3,4-6][l ,3]oxazincs, by 
cycloaddition of nitrilimines with 
dihydrooxazines, 69,454 

1 H [1,2,4]Triazolo[4,3-a]perimidinc-3- 
carboxylate, 61, 265 
1 ^,3-Triazolopyridines, 67, 296 

1.2.4- Triazolo[4,3-a]pyridin-3-yl C- 
nucleosides, 70, 202 
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1.2.4- TriazoIo[l,5-c]pyrimidine, 64 , 212 

1.2.4- Triazolo[l ,5-a]pyrimidin-2-yl C- 
nucleosides, 70 , 257 

1.2.4- Triazolo[l,5-c]pyrimidin-2-yl C- 
nucleosides, 70 , 257 

1.2.3- Triazolo[l,5-cjpyrimidin-3-yl C- 
nucleosides, 70 , 256 

1.2.4- Triazolo[4,3-c]pyrimidin-3-yl C- 
nucleosides, 70 , 257 

1.2.4- Triazolo[l,5-a]pyrimidin-2-yl pyranose 
C-nucleoside, 70 , 256 

[L2,4]Triazolo[4',3':3,4]pyrimido[2,l-c] 

[l,2,4]triazines, 61 , 241 
[ 1,2,4]Triazolo[4,3-f>]pyrimido[5,4-e>] 

[l,2,4]triazines, 61 , 307 

1.2.4- Triazolo[4,3-d]tetrazoles, 63 , 298 
Triazolothiadiazines, 65 , 67 

1.2.4- Triazolo[5,l-6][l,3,4]thiadiazoles, 69 , 
334 

spectral data, 69 , 335 
Triazolotriazines, 64 , 197 
Triazolo[5,l-c][l,2,4]triazines, 63 , 316 

[1.2.4] Triazolo[3,4:6,l][l,2,4]triazino[4,3-a] 
benzimidazoles, 61 , 306 

Triazolotriazinoindoles, 61, 293 

[1.2.4] Triazolo[3',4'-/][l,2,4]triazino[4,5-a] 
indoles, 61, 293 

[1.2.4] Triazolo[3',4':3,4][l,2,4]triazin o[5,6-6] 
indoles, 61 , 291 

[1.2.4] Triazolo[4',3':2,3][U,4]triazin o[5,6-6] 
indoles, 61 , 291 

1.2.4- Triazolo[3,4-/] 

1.2.4- triazin-3-yl C-nucleoside, 70, 298 

1.2.4- Triazolo[3,4-/]l,2,4-triazin-3-yl acyclo 
C-nucleosides, 70, 301 

1.2.4- Triazolo[l,2-a][l,2,4]triazole, 
decomposition product of 4-phenyl- 

1.2.4- triazoline-3,5-dione, 67 , 170 
Triazolotroponeimines, 66, 376 
Triazolotropones, tautomerism, 66, 310 

catalytic hydrogenation, 66, 336 
/V-alkylation, 66, 348 
N-amination, 66, 350 

l,2,3-Triazol-4-yl C-nucleosides, 68, 318 
Tri-O-benzoyl-D-ribofuranosyl chloride, in 
preparation of pseudouridine, 68, 358 
5-(2,3,5,-Tri-0-benzoyl-j3 (and a)-n- 
ribofuranosyl)-4- 

(formylamino)thiophene-3-carboxylate, 
reaction with formamidine acetate, 66, 
256 


5-(Tri-0-benzoyl-j8-D-ribofuranosyl)-l,3,4- 
oxathiazol-2-one, 68, 338 
7-(2,3,5,-Tri-0-benzoyl-j3-D- 

ribofuranosyl)thieno[3,4-d]pyrimidin- 
4(3H)-one, 66, 258 
7-(2,3,5,-Tri-0-benzoyl-/3-D- 

ribofuranosyl)thieno[3,4-d]pyrimidin- 
4(3tf)-thione, 66, 269 

2.3.5- Tri-O-benzyl-D-arabinofuranose, 
reaction with pyrrolopyridine 
magnesium bromide, 70, 198 

2.3.5- Tri-O-benzyl-D-arabinose, in 
nucleoside synthesis, 67, 396 

1.3.5- Tribromobenzene, reaction with 
anthranilic acid, 70, 91 

6,8,10-Tribromobenzo[b]tropoxazine, 
hydrolysis, 64, 90 

2,5,7-Tribromopyrrolo[b]tropolone, 66, 332 
3,9,9-Tribromo-6,7,8,9-tetrahydro-4//- 
pyrido[l,2-a]pyrimidin-4-one, 63, 213 
2-Tributylstannylindole, reaction with N- 
protected 2-lithioindoles, 67,13 
Tributylstannyltetrathiafulvalenes, 62, 290 
Stille reactions, 62, 290 
Tricarbonyl cyclobutadiene iron, annulation 
to tropone, 64, 144 
Tricarbonyliron cyclobutadiene fused 
tropones, NMR spectra, 66, 288 
UV spectra, 66, 300 
mass spectrum, 66, 307 
13 C NMR, 66, 293 

2-Trichloroacetylbenzoyl chlorides, ring 
chain tautomerism, 64, 262 

l,l,4-Trichloro-2,3-diazabutadiene, 63, 286 
2,2,3-Trichloro-l ,4-dioxane, conformations, 
69, 254 

rra«s-syrt-l,2,5-Trichloro-l,4-dioxane, 
conformations, 69, 254 
bis(2,4,6-Trichlorophenyl)malonates, 
reaction with 3-aryl-2-methyl-4- 
quinazolones, 68, 214 

2.4.6- Trichloropyrimidine, Ni-catalysed 
reaction with Grignard reagents, 62,391 

monocoupling with stannanes, 62, 333 
2',3’,5'-Trichlorotrideoxy-2',3'-seco-uridine, 
synthesis, 67, 410 

2.5.6- Tricyanothieno[2,3-d]pyrimidine-2- 
thiolate, 65, 249 

Tricyclo[3.2.10 2 - 7 ]oct-3-ene, 69, 118 
4-0-Triflate-2-oxo-l-2//-l-benzopyran, Pd- 
catalysed coupling, 65, 305 
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5-Trifloxy-l,3-dimethyluracil, methylation by 
methylaluminium, 62 , 371 

2- Trifluoroacetyl-f-anilines, cyclisation to 

pyrrolooxazines, 65, 22 
W-(2-TrifluoroacetylphenyI)pyrrolidines, 
cyclisation to pyrroloquinazolines, 65,21 

3- Trifluoroacetylpropionic acid, ring chain 

tautomerism, 64 , 259 

3-Trifluoro-2-diazopropionate anion, Rh(II)- 
derived carbenoid reaction with nitrile, 
65 , 179 

5-Trifluoromethanesufonyluridine triacetate, 
coupling with stannanes, 62 , 343 
Trifluoromethyl acyclonucleosides, 68, 56 
5-Trifluoromethyi-3,3'-bi-12,4-oxadiazole, 
67 , 45 

Trifluoromethyl biphenylylselenides, 64 , 324 
Trifluoromethyl biphenylylsulfides, 64 , 324 
Trifluoromethyl biphenylyl telluride, 64 , 326 
Se(Trifluoromethyl)dibenzoselenopheniu m- 
3-sulfonates, trifluoromethylation 
agents, 64 , 331 

Se-(Trifluoromethyl)dibenzoselenophenium 
triflate, trifluoromethylating agent, 64, 
329 

7e(Trifluoromethyl)dibenzotellurophenium 
triflate, 64 , 326 
salts, 64 , 327 
nitration, 64 , 327 

trifluoromethylating agents, 64 , 329 
S-(Trifluoromethyl)dibenzothiophenium-3- 
sulfonates, trifluoromethylating agents, 
64 , 331 

trifluoromethylation of /3-ketoesters and /3- 
diketones, 64 , 331 
trifluoromethylation of lithium 
phenylacetylide, 64 , 332 
trifluoromethylation of enol 
trimethylsilylethers, 64 , 332 
trifluoromethylation of enamines, 64 , 332 
trifluoromethylation of pyrroles, 64 , 333 
trifluoromethylation of thiolates, 64 , 333 
trifluoromethylation of halide anions, 64 , 
334 

trifluoromethylation in combination with 
boron Lewis acids, 64, 335 
kinetic studies, 64, 338 
.S'-(Trifluoromethyl)diphenylylsulfonium 
triflate, 64, 326 

trifluoromethylating agents, 64 , 329 


6-Trifluoromethyl-4-methoxycarbonyl-2- 
pyrone, cycloaddition with acetylene, 
65 , 343 

2.4.6- Trifluoromethyl-2-methyl-2//-pyran, 
platinum complexes, 62, 92 

metal complexes, 62, 110 

5- (Trifluoromethyl)phenoxathiirium triflate, 

64, 326 

6- Trilluoromethyl-2//-pyran-2-one, 65, 337 
2-Trifluoromethylpyridine, from 2- 

iodopyridine and 

bis(trifluoromethyl)mercury, 62, 395 

4- Trifluoromethyl quinoline, preparation 

from enaminones, 67, 278 
Se-(Trifluoromethyl)selenophenium-3- 
sulfonates, trifluoromethylating agents, 
64, 331 

Trifluoromethyl substituted pyridines, 
synthesis, 67 , 269 

3.6- bis-(Trifluoromethyl)tetrazine, inverse 

Diels-Alder reaction with formimidates, 
68,390 

2- Triflyloxyquinoline, reaction with 

trialkylaluminiums, 62, 371 

5- Triflyloxyuracil, coupling with alkenes and 

alkynes, 62, 311 

Trihydrobenzo[c]phenanthridines, synthesis, 
67 , 374 

{6,7,8-Trihydro-8-hydroxy-3-/3-D- 
ribofuranosyl}imidazo[4,5-d]l,3- 
diazepine, 70 , 233 

3- (D-eryf/iro-l,2,3- 

Trihydroxypropyl)benzo[g]flavazole, 

70,291 

2.4.6- Triisopropyl-l ,3,5- 
dioxaphosphorinane, reaction with 
aldehydes, 61 , 66 

Trimethine tellurapyrylium dyes, 63, 49 
Trimethylbipyrazoles, 67, 22 

2.2.6- Trimethylchromane-3,4-dione, 
condensation with formamidine to 
pyrano[3,4-e][l,2,4]triazines, 61, 233 

Trimethyldibenzofuran-l,2,3-tricarboxylate, 
63 , 343 

2.2.4- Trimethyl-2,4-dihydro-l//, 
6Wimidazo[l',2':l,6][ l,2,4]triazino[3,4- 
a]isoindol-l,6-dione, preparation and X- 
ray structure, 61 , 296 

2.2.4- Trimethyl-l,2-dihydroquinoline, 
reaction with formaldehyde, 70, 17 
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2,2,6-Trimethyi-4-(2'-furyl)-5-nitro-1,3- 
dioxanes, conformations, 69, 233 

2.4.5- Trimethylimidazole, reaction with 
dichlorocarbene, 65, 187 

2.4.6- Trimethyl-4-isopropylpyran, 65, 286 

1.3.6- Trimethyl-5-nitrouracil, reaction with 
aldehydes, 68, 205 

2.2.6- Trimethyloxane, simulated 13 C NMR 
spectra, 69, 229 

2-[/V-(2,4,6-Trimethylphenyl)-;Vmcthyl 
imino)-6,7-dihydro-4//-pyrimido[6,l- 
a]isoquinolin-4-one, 'H NMR spectra 
and conformations, 70 , 30 

1.3.6- Trimethyl-2- 
phenylpyrrolo[d]tropylium ions, 
condensation of 6-methyl group with 
aldehydes, 66, 385 

2,4,4-Trimethyl-5-phenyl-l-thioxo-3-oxo- 
2,3,4,6,7,8-hexahydro-l//-pyrido[l,2- 
c]pyrimidine, reaction with Lawesson’s 
reagent, 70 , 46 

2.4.6- Trimethylpyridinium perchlorate, 
reaction with methyl magnesium halides, 
65, 286 

reaction with organocuprates, 65, 287 

5.5.7- Trimethyl-l//,3//,5//-pyrido[3,2,1-i,;'] 
[3,l]benzoxazines, mass spectroscopy, 

70, 17 

2,4,6-Trimethylpyrylium tetrafluoroborate, 
reaction with diazoalkenes, 65, 291 
iV,0-bis-Trimethylsilyl-/V-acetylcytosine, in 
preparation of acyclonucleosides, 68, 60 
bis(Trimethylsilyl)adenine, preparation of 
acylonucleosides, 68,15 
2-Trimethylsilylazoles, in preparation of 
acyclonucleosides, 68, 69 
bis(Trimethylsilyl)-5-benzyluracil, 

preparation of acylonucleosides, 68, 18 
O-Trimethylsilylcytosine, Pd(0) catalysed 
allylation, 66,127 
Trimethylsilyldiazommethane, 
decomposition, 65, 172 
Trimethylsilylethoxymethyltetrathia- 

fulvalene, source of selenyl anion, 62,268 
O-Trimethylsilylethylguanine, 66, 118 
bis(TrimethylsilyI)guanine, preparation of 
acylonucleosides, 68,15 
tris(Trimethylsilyl)guanine, preparation of 
acylonucleosides, 68,15 
reaction with alkylating agents to give 
diseco nucleosides, 68, 46 


/V-Trimethylsilyliminophosphorane, reaction 
with 2-acyloxybenzoyl chloride, 64, 210 
2-TrimethylsiIylmethylallyl acetate, as an 
equivalent of trimethylenemethane for 
cycloadditions to coumarins, 65, 329 
bis-O-Trimethylsilyl-5-nitrouracil, 

condensation with 1,3-diacetoxy-l- 
methoxypropane, 68, 60 
2-Trimethylsilyloxy-l,3-diazabutadienes, 
reaction with morpholinocyclohexene, 
69, 388 

2,3-bis(Trimethylsilyloxy)-l,l- 

dimethoxypropane, alkylation of purines 
to give acyclonucleosides, 68, 60 
2-(Trimethylsilyloxy)furan, oxidation, 69, 65 
conversion to 3-acetoxybenzofuran-2-one, 
69, 65 

2-Trimethylsilyloxy-4-methoxy-l ,3- 
butadiene, reaction with sugar 
azomethines, 68, 351 
2-(l-Trimethylsilyloxyvinyl)furan, Diels- 
Alder reaction, 63, 359 
reaction with diethyl azodicarboxylate, 

63, 382 

2-( 1 -Trimethylsilyloxyvinyl)thiophene, 
Diels-Alder reaction, 63, 366 
reaction with N-pbenylmaleimide, 63, 366 
reaction with olefins, 63, 379 
2-Trimethylsilylpyridine, reaction with 
aldehydo-sugar derivatives, 68, 349 
A/-(Trimethylsilyl)pyridinium triflate, 62, 3 
2-Trimethylsilylthiazole, coupling with 
thiazole to give 2,2'-bithiazole, 67, 33 
2-Trimethylsilylthio-l,3-diazabutadienes, 
reaction with morpholinocyclohexene, 
69, 388 

bis(Trimethylsilyl)thymine, preparation of 
acylonucleosides, 68,18 
bis-O-Trimethylsilyluracils, in preparation of 
acyclonucleosides, 68, 60 
2-Trimethylstannylbenzofuran, copper 
induced homocoupling, 67, 18 
Trimethyltetrathiafulvene, lithiation, 62, 256 

2.5.5- Trimethylthiazolidine-4-carboxylic 
acid, 64, 25 

2.4.6- Trimethylthieno[2,3-rf]pyrimidines, 65, 
237, 66, 229 

1.3.6- Trimethylthieno[3,2-rf]pyrimidin-2,4- 
dione, 66, 245 

1.3.6- Trimethyluracil, reaction with 
dimethylformamide dimethylacetal and 
dienophiles, 68, 209 
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8,9,10-Trinorborn-5-en-2-ol, in preparation 
of imidazo[l,5-a]pyridin-3-yl carbocyclic 
C-nucleosides, 70, 200 
2,8,9-Trioxa-l-borata-4-phospha-6,7- 
benzobicyclo[3,3,3]nonane, synthesis 
from phenyl phosphine, salicylic 
anhydride, phenylboric acid anhydride 
and triethylamine, 61, 91 
i-Trioxane, conformations, 69, 255 

1.2.4- Trioxane, conformations, 69, 256 
ring inversion, 69, 258 

Triphenyl-A'-acyliminophosphorane, 64,166 

2.4.6- Triphenyl-3-azapyrylium perchlorate, 
reactions, 64, 353 

Triphenylbipyrazoles, 67, 22 

6.6.7- Triphenyl-6,7- 
dihydrodibenzo[b,d]thiepin, 65, 169 

1.2.4- Triphenylimidazo[2,l-b]oxazoles, 

69, 273 

2.5.5- Triphenyl-l,3-oxathiolan-4-one, 
extrusion of sulfur and carbon dioxide, 
65,40 

Triphenylphosphine, reaction with organic 
azides, 64, 160 

1- (Triphenylphosphoranylidenamine) 

benzotriazole, formation of aziridines, 
64, 183 

formation of pyridines, 64, 202 
formation of imidazoles, 64,192 

2- (Triphenylphosphoranylidenamino) 

cinnamate, reaction with aroyl chlorides, 
64,190 

a-(Triphenylphosphoranylidene)toluene, 
reaction with activated nitriles, 64,166 

2.4.6- Triphenyl-4J/-pyran, cleavage, 62, 87 

2.4.6- Triphenylpyrylium perchlorate, 62, 51 

2,4,6-Triphenylpyrylium tetrafluorborate, uv 

spectrum, 62, 56 
Triple layer cyclophanes, 65, 78 
Triquinanes, synthesis, 67, 277 
Tris(benzazino)tropylium salts, ring 
contraction, 66, 387 

Tris(2-benzothiazolyl)phosphine, reaction 
with aryl lithiums, 67, 40 
Tris(hydroxyethyl)phosphine, conversion to 
5-methyl-5-oxo-l ,3,5- 
dioxaphosphorinane with formaldehyde, 
61,64 

Tris(hydroxymethyl)phosphine as a source of 
heterocycles, 61, 92 


Tris(a-hydroxy-/8,j3,j3- 

trichloroethyl)phosphine, reaction with 
phenyltrichlorosilane to give bicyclo 
adducts, 61, 64 

Tris(oxymethyl)phosphine, as a precursor to 
5-aminomethyl-l,3-diphenyl-l,3,5- 
diazaphosphorinane, 61, 72 

Tris(pyrazol-l-yl)methane, flash vacuum 
pyrolysis, 67, 21 

Triquinobenzene, 70, 91 

3.4.5- Trisubstituted 2-amino-3-cyano- 
477-pyrans, conversion to pyramines, 

62, 71 

2.2.5- Trisubstituted 1,3-dioxane-4,6-diones, 
conformations, 69, 245 

2.3.6- Trisubstituted imidazo[2,l -b]thiazoles, 
69, 285 

2.5.6- Trisubstituted imidazo[2,l-f>]thiazoles, 
69, 282 

2.4.6- Trisubstituted-2//-pyrans, reaction with 
organometallic reagents, 62, 84 

2.3.5- Trisubstituted pyrroles, formation via 
iminophosphoranes, 64,187 

2.3.6- Trisubstituted pyrylium salts, 
conversion to 4//-pyrans, 62, 55 

2.4.6- Trisubstituted pyrylium salts, reaction 
with organometallics, 65, 285 

Trithiolanone, reaction with dichlorocarbene, 
65,185 

5,10-di-(Deryr/iro-Trititol-l-yl)- 

bisoxazolo[3,4-a:3',4'-d]pyrazine-3,8- 
dione, 70,280 

Tropanes, via carbene reactions on N- 
(methoxycarbonyl)pyrrole, 65, 202 

Tropinooxepine, valence tautomerism, 

66, 311 

Tropolone, reactions, 66, 327 
acidity, 66, 330 
tautomerism, 66, 309 
polarographic reduction, 66, 311 
O-alkylation, 66, 343 

■y-Tropolone-2-chloroallylether, Claisen 
rearrangement, 66, 393 

Tropone, basicity, 66, 331 
reaction with diazomethane, 64,112 
cycloaddition with nitrile oxides, 64, 

115 

reaction with diphenylnitrilimine, 64, 

113 

Tropone 2,7-bis(thioether), rearrangement to 
dithienotropone, 64,100 
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Tropone tricarbonyliron complex, reaction 
with diphenylnitrilimine, 64, 113 
reactions with 3-phenylsydnone, 64,114 
Troponeimine, derivatives, 66, 338 
spectra, 66, 376 

Troponofuroxan, isomerisation by nmr, 66, 
293 

Troponoids, photochemical reaction, 66,329 
p-Tropoquinone, condensation with 1,2,4,5- 
tetraaminobenzene, 64, 118 
reactions, 64, 110 

Tropothiones, preparation and spectra, 66, 
372 

5-alkylation, 66, 372 
enzymatic acitivity, 66, 389 
Tropylidene quinones, 66, 386 
Tropylium ions, NMR spectra, 66, 315 
UV spectra, 66, 315 
IR spectra, 66, 319 
aromaticity, 66, 320 
stability, 66, 324 
polarographic reduction, 66, 327 
reaction with nucleophiles, 66, 379 
Tsuji-Trost reaction, palladium (0) catalysed 
allylation of nucleophiles, 66, 74 
mechanism, 66, 75 
use of mixed carbonates, 66, 76 
use of vinylepoxides, 66, 76 
stereochemistry, 66, 76 
Tubercidin, in preparation of nucleosides, 
67, 405 

Tyrian purple see 6,6'-dibromoindigo 


3-(2-UIos-l-yl)indoles, preparation, 70, 

172 

Uracil, Pd(0) catalysed allylation, 66,107 
Pd(0) catalysed allylation in presence of 
trisodium triphenylphosphine 
trisulfonate, 66, 111 

2-Ureido-2-deoxyaldopyranoses, 
preparation, 68, 285 

Uridine, use in preparation of nucleosides, 
67, 407 

l',2'-seco-Uridine, synthesis, 67, 397 
use in synthesis of ribavarin analogues, 
67, 408 

Urothione see 2-amino-7-{(2'S)-l',2'- 
dihydroxyethyl)-6- 
(methylthio)thieno[2',3':2,3]pyrazino 
[6,5-d]pyrimidine} 


Utahns, 64, 117 
X-ray structure, 66, 287 
mass spectra, 66, 307 


Valeranone, 65, 356 
Valiolactone, synthesis, 68, 139 
Valiolamine, synthesis, 68, 158 
Varamines A and B, 70, 112 
Verrucarol, 65, 350 
(±)-Vindoline, 67, 232 
(±)-Vindorosine, synthesis, 67, 230; 67, 232 
Vinologous imines of amino acids, 1,5- 
electrocyclisation, 64, 38 
N'-Vinylamides, 66, 179 
Vinyl azide, cycloaddition to olefins, 67, 217 
N-Vinylaziridines, base catalysed 
isomerisation, 67, 226 
photolysis, 67, 230 

3-Vinylbenzofuran, Diels-Alder reactions, 
63,360 

reaction with 4-phenyl-l,2,4-triazole-3,5- 
dione, 63, 382 

2- Vinylbenzo[h]thiophene, reaction with 

dimethyl acetylene dicarboxylate, 63,354 
reaction with maleic anhydride, 63, 367 

3- Vinylbenzo[h]thiophene, reaction with 

benzyne 63, 358 

reaction with maleic anhydride, 63, 367 
reaction with tetracyanoethylene, 63, 371 
Vinylcarbodiimides, 66,188 

1- Vinylcyclopentanol, oxidation to 

spirooxiranes, 69, 9 
Vinylcyclopropanes, 65,145 

2- Vinyl-N,N-dialkylanilines, cyclisation, 65,3 
a-Vinyl-a-diazoesters, vinylcarbenoid 

formation, 65,106 

N -Vinyl enaminones, photolysis, 67, 230 

4- Vinylethylene sulfite, synthesis, 68, 107 
Vinylfurans, intramolecular Diels-Alder 

reactions, 63, 391 

2-Vinylfuran, reaction with dimethyl 
acetylene dicarboxylate, 63, 341 
dimerisation, 63, 370 
reaction with methyl propiolate, 63, 341 
high pressure reaction with dimethyl 
malonate, 63, 320 

reaction with maleic anhydride, 63, 359 
reaction with tetrabromocyclopropene, 

63, 359 
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Vinylglycine, reaction with 

tribromoformaldoxime, 64 , 20 
Vinylidenephophirane, 65 , 170 

1- Vinylimidazole-2-thiones, intramolecular 

cyclisation, 69 , 283 
V-Vinyliminophosphoranes, 64 , 166 
reaction with a-bromoketones, 64 , 187 
reaction with aromatic isocyanates, 64 , 188 
reaction with isonitriles, 64 , 188 
reaction with a,/3-unsaturated ketones, 

64 , 203 

2- Vinylindole, cycloaddition reactions, 

63 , 348 

reaction with methyl propiolate, 63 , 350 
Diels-Alder reaction, 63 , 363 
reaction with tetracyanoethylene, 63 , 375 
acid catalysed reaction with a,/3- 
unsaturated ketones, 63 , 378 

3- Vinylindole, cycloaddition reactions, 

63 , 348 

reaction with acrylonitrile, ethyl acetate 
and cinnamaldehyde, 63 , 375 
Diels-Alder reaction, 63 , 362 
asymmetric Diels-Alder reaction, 63 , 378 
intramolecular Diels-Alder reaction, 63 , 
394 

2(2-Vinyloxyethyl)pyridine, reaction with 
bromine, 70, 53 

4- Vinylpyrazole, Diels-Alder reactions, 63, 

368 

5- Vinylpyrazole, Diels-Alder reactions, 63, 

368 

2-Vinylpyridine, 63 , 357 
reaction with V-phenylmaleimide, 63 , 368 
reaction with diethyl azidodicarboxylate, 
63 , 390 

conversion to imidazolines by reaction with 
chlorocarbenes, 65 , 116 
4-Vinylpyridine, 1:3 adduct with N- 
phenylmaleimide, 63 , 368 
Vinylpyridinium salts, reduction to 
enaminones, 67 , 217 
2-Vinylpyrrole, reaction with diethyl 
diazoacetate, 63 , 383 


IV-Vinylpyrroles, synthesis, 67, 235 

2- Vinylthiophene, reaction with dimethyl 

acetylene dicarboxylate, 63, 352 
Diels-Alder reaction, 63, 366 
dimerisation, 63, 378 
reaction with methyl acrylate, 63, 379 
reaction with methyl propiolate, 63, 352 
reaction with 1,4-benzoquinone, 63, 366 
polymerisation, 63, 353 
reaction with tetrabromocyclopropene, 
63, 366 

reaction with 4-phenyl-l,2,4-triazole-3,5- 
dione, 63, 386 

3- Vinylthiophene, reaction with dimethyl 

acetylene dicarboxylate, 63, 354 
reaction with methyl propiolate, 63, 354 

Virginiamycin M 2 , synthesis, 67, 264 


Xanthine oxidase, in preparation of 6- 
deoxyacyclovir, 69 , 135 
Xanthone, synthesis from 2- 
aryliodoniobenzoates, 69 , 54 
Xanthothricin, isolation 61 , 247 
naturally occuring metabolite of 7- 
azapteridine 61 , 247 
synthesis 61 , 250 

stimulator of oxidation in mitochondria 
61 , 261 

source 61 , 262 

3'-a-D-Xylofuranosylimidazo[4,5- 
d\ pyrimidine, 70, 249 
5-(/3-Xylofuranosyl)uracil, 68, 367 


Yohimboid alkaloids, synthesis 67, 287 
Yukocitrine, 70, 138 


Zinc alkyls, coupling to halogenated 
heterocycles, 62, 375 
Zincation of haloheterocycles, 62, 381 
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